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In August 1959, the President 
directed the Secretary of Health, 
Education, and Welfare, to inten- 
sify Departmental activities in the 
field of radiological health. The 
Department was assigned respon- 
sibility within the Executive 
Branch for the collation, analysis, 
and interpretation of data on en- 
vironmental radiation levels such 
as natural background, radiogra- 
phy, medical and industrial uses of 
isotopes and X rays, and fallout. 
The Department delegated this 
responsibility to the National Cen- 
ter for Radiological Health, Public 
Health Service. 


Radiological Health Data and 
Reports, a monthly publication of 
the Public Health Service, includes 
data and reports provided to the 
National Center for Radiological 
Health by Federal agencies, State 
health departments, and foreign 
governmental agencies. Pertinent 
original data and interpretive man- 
uscripts are invited from investi- 
gators. These are subject to review 
by a Board of Editorial Advisors 
with representatives from the fol- 
lowing Federal agencies: 


Department of Defense 
Department of Agriculture 
Department of Commerce 
Department of Health, Educa- 
tion, and Welfare — 
Atomic Energy Commission 
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RADIATION HAZARDS IN URANIUM MINES 


D. A. Holaday* 


A review of health studies of U.S. uranium miners is presented. 
The primary radiation hazard in uranium mines is alpha radiation which 
is delivered to the lungs by radon—222 and its short-lived daughters. The 
appearance of lung cancer among uranium miners has been studied and 
was found to be excessive. The cell-type distribution of these cancers of 
uranium miners is different from that of the general population. Cal- 
culation of radiation dosage to the lungs of miners is difficult. 

General dilution ventilation is the primary method of controlling 


the radiation hazard, but it has limitations. 


Radiation exposure of 


uranium miners has gradually been reduced. 


Sixteen years have elapsed since a study of 
radiation hazards in uranium mines was under- 
taken jointly by the U.S. Public Health Service 
and the State health departments of Colorado, 
Arizona, New Mexico, and Utah. Many dif- 
ferent individuals and groups have contributed 
their efforts to this project, and a great deal 
of information has been accumulated which 
demonstrates that uranium miners have had 
the most significant exposures to radiation of 
any industrial group in this country. 

In 1950 about 500 men were engaged in min- 
ing uranium ores in the Colorado Plateau, 
mostly in small underground workings, with 
an average production of about 1 ton per man- 
day. The employment peak was reached in 
1960 when about 5,800 underground miners 
were employed. Approximately 2,800 miners 
are now working and are producing 3 tons of 
ore per man-day. The Public Health Service 
Occupational Health Field Station now has on 
file environmental data on over 1,200 different 
mining operations, but an unknown addi- 


1 Mr. Holaday is chief of the Occupational Health 
Field Station, National Center for Urban and Industrial 
——— Public Health Service, Salt Lake City, Utah 
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tional number of operations were never sur- 
veyed. During the third quarter of 1965, 
environmental samples were obtained in 229 
mines, which is somewhat greater than the 
number of mines working at any one time. A 
number of mines opened or closed during this 
period, but the number of active mines re- 
mained fairly constant throughout the year. 
This pattern of operation, which has prevailed 
during the life of the industry, has complicated 
attempts to control the hazards to which the 
miners are exposed, and to maintain occupa- 
tional and environmental records. 

Since 1950, many thousands of men have 
been exposed to the radiation hazard in ura- 
nium mines created by radon—222 and its short- 
lived daughters. While the environmental data 
obtained in the early years of the study are 
indeed sparse, consisting of one survey per 
year at best in most of the mines, it is possible 
to make estimates of the atmospheric concen- 
trations of radon-222 and its daughters to 
which the men were exposed. Table 1 presents 
two such estimates. 

These numbers can be meaningful when com- 
pared with levels that were found in several 
studies of European mines. Since only radon-—222 
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Table 1. Estimates of exposures to various environmental 


levels of radon-222 and its daughters in uranium mines, 
1952 and 1957 





Percent 
of men 
affected ¢ 


Multiple 
of working 
level * 


Percent 
of men 


Multiple of working level * 
affected > 





® 1.3105 MeV of potential alpha-particle energy per liter of air 
> Total of 733 men 
© Total of 1.890 men 


concentrations were measured in the European 
mines, it is necessary to make assumptions con- 
cerning the equilibrium ratios between radon 
and its daughters that may have prevailed in 
the mines, to estimate the “working levels” of 
radon daughters that existed. Using these as- 
sumptions, it appears that the European miners 
were exposed to radon-daughter concentrations 
of from 10 to 180 times the working level. (One 
working level is equivalent to 100 pCi of radon— 
222 at equilibrium with its daughters per liter 
of air.) A large proportion of American ura- 
nium miners worked in situations similar to 
those in Europe. 

The effects of these exposures as measured 
by the incidence of lung cancer have been 
analyzed in detail in a report of a mortality 
study of 3,415 miners, by Wagoner et al. (1). 
By December 31, 1963, 249 deaths had occurred 
in this group, of which 30 were caused by lung 
cancer. The data showed that lung cancer was 
related to the total cumulative exposure to 
radon—222 and its daughters and that the age- 
standardized incidence rate increased from 3.10 
cases per year per 10,000 men in the lowest cu- 
mulative-exposure group (<120 WLM)? to 
116.12 cases per year per 10,000 men in the 
highest cumulative-exposure group (> 3,720 
WLM). An etiological association appears be- 
tween the concentration of radon—222 and its 
daughters, length of exposure, and lung cancer. 

Conclusions concerning the degree of in- 
creased risk of lung cancer in uranium miners 
can only be speculative at present. For most 
of the study group, it was found that the time 


2 WLM, working level months, represents cumulative 
radiation exposure in uranium mines. 
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from first exposure to the appearance of lung 
cancer has been shorter than the median time 
for development of lung cancer (in uranium 
miners this appears to be about 17 years). We 
now know that at least 50 cases of lung cancer 
have occurred in this group of miners, and 
it is certain that additional cases will develop. 
The situation is also complicated by the fact 
that the proportion of miners dying in indus- 
trial accidents is much larger than it is in the 
general industrial population. However, it can 
be stated that the number of deaths from lung 
cancer in the members of the study group has 
greatly exceeded the expected number and that 
the incidence has increased with continuing 
exposure to radon—222 and its daughters. 

A study of cancer-cell types reported by 
Saccomanno and Archer showed some interest- 
ing differences between uranium miners and a 
matched age-smoking-history control group of 
nonminers (2).° These findings are summar- 
ized in table 2. 


Table 2. Comparison of cancer-cell types in uranium 
miners and a matched control group of nonminers 





Age- 
smoking 
matched 

control 
group 
(percent) 


1 to 360 
WLM * 
(percent) 


>1,200 
WLM * 
(percent) 


361 to 
1,200 
WLM * 
(percent) 


Cancer-cell type 





Epidermoid... ........- 62.1 42.1 
Oat cell, round cell, 
polygonal cell 17.6 47.3 
Large cell (undiffer- 
entiated) 5.9 
Adenocarcinoma, com- 
bined adeno-epider- 
moid, alveolar cell 13.7 

















Total cases 51 | 





_ * WLM, working level months, represents cumulative radiation exposure 
in uranium mines. 


The data showed that the fraction of oat- 
cell, round cell, and polygonal cell cancers in- 
creased with. continuing exposure to radon 
daughters. The clinical record of cancer cases 
in uranium miners also showed that the disease 
is highly malignant and progresses rapidly. 
The average time from diagnosis to death is 
2.5 months. 

The radioactive portion of the aerosols to 
which uranium miners are exposed is formed 
by the decay of radon-—222 and its daughters in 
the mine atmosphere. Radon-222 and _ its 

3 Each uranium miner was matched with a non- 


uranium miner. Pairs were matched as closely as 
possible for age and smoking history. : 
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daughter products thus exist initially as in- 
dividual atoms which diffuse rapidly and 
become attached to the first surface they en- 
counter. Since most dust particles in mine air 
are less than 5 microns in diameter, essentially 
all of the radon-—222 and its daughters are either 
attached to respirable particulates or exist as 
free atoms. Studies in mines have shown that 
this condition does indeed exist, and that the 
fraction of activity present as free atoms varies 
widely, depending on mine conditions (3). It is 
difficult to estimate radiation doses to the lung 
because the fraction deposited and the sites of 
deposition of the radon—222 and its daughters 
are greatly influenced by particle size and other 
factors. 

Several lung models of varying degrees of 
complexity have been used to calculate the 
possible lung radiation absorbed dose that might 
be received by a miner working in an atmosphere 
of defined composition. The most detailed study 
of lung models was made by Altshuler et al., 
who considered factors such as the site of 
deposition of radon daughters in the lung, the 
rate of clearance from the lung, and the thick- 
ness of the mucus layer in making calculations 
(4). These authors estimated that a miner 
exposed to a carefully defined atmosphere con- 
taining two-thirds of a working level of radon 
daughters‘ would receive an effective absorbed 
dose to the segmental bronchi of 24 rads per 
year from mouth breathing, or 13 rads per year 
from nose breathing. Such studies are of great 
assistance in understanding the interaction of 
the many factors which affect the absorbed dose 
of radiation delivered to lung tissue, as they 
point out areas which require investigation. It 
must be kept in mind, however, that they are 
based on many assumptions and are valid only if 
the actual conditions are in accord with those 
which were assumed to exist. Unfortunately, it 
is probable that in many instances the assump- 
tions do not agree with the actual conditions. 
In addition to the factors that affect the com- 
position of the radioactive aerosol, lung clear- 
ance mechanisms are known to be altered by 


4 The defined atmosphere contains 100 pCi of radon- 
222/liter and 200 pCi of total daughters per liter. 
The daughter concentrations are: polonium-218, 94 
pCi/liter; lead—214, 62 pCi/liter; and bismuth-214, 44 
pCi/liter. Forty percent of the activity is on particles 
less than 0.1 micron. 
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many air pollutants. Ciliated cells may be in- 
jured and lose their function, thereby permit- 
ting the accumulation of particles in localized 
areas of the bronchi with resultant changes in 
viscosity and thickness of the’ mucus layer. 
Pathological studies of the lungs of uranium 
miners have shown that there are many areas 
showing dysplasia, which may be caused by 
radiation or other air contaminants, or by a 
combination of all factors. Therefore, it is 
possible for two men working in the same 
atmosphere to receive widely different effective 
absorbed doses of radiation.‘ 

The problem of controlling the exposures of 
uranium miners to radon—222 and its daughters 
is different from the problem that exists in 
other parts of the nuclear energy industry. 
In most industrial situations, the sources of 
atmospheric contamination are limited in area, 
but in uranium mines the entire operation 
can be, and usually is, a source. Industrial 
situations are relatively constant, while in 
these mines the conditions change daily as 
new areas are opened and old workings 
are abandoned. Controls that are effective for 
one industrial operation are usually effective 
for a similar operation, but there is no “typical” 
uranium mine. These factors make the design 
and maintenance of control procedures a very 
difficult task. 

As the entire area of a uranium mine is a 
source of radon—222, general dilution ventilation 
has been the method used to reduce the atmos- 
pheric concentrations of radon—222 and its 
daughters, and the general principles involved 
have been pointed out by Harris and Bales (5) 
and by Kusnetz (6). Examination of these theo- 
retical considerations and experience shows 
limitations in the effectiveness of general venti- 
lation for reduction of atmospheric concentra- 
tions of radon daughters. In a limited series of 
measurements in uranium mines, it was found 
that radon emanation rates varied from 0.5 pCi 
per minute per 1,000 cubic feet of mine volume 
to 35 »Ci per minute per 1,000 cubic feet of mine 
volume, which means that the air ventilation 
required to reduce the concentrations of radon— 
222 and its daughters to any selected level would 
vary by a factor of about 8 (5). Engineering 
and economic requirements place limitations on 


137 





the quantities of air that can be moved in air 
courses, and physiological considerations limit 
the velocity of air currents in which men can 
work. Where large areas of high-grade ore are 
exposed, it may not be feasible to control expo- 
sure to radon daughters by dilution ventilation 
alone. However, the industry has been gaining 
experience and is now achieving levels of con- 
trol that 5 years ago were considered by many 
to be unattainable. Table 3, which shows con- 
ditions in the third quarter of 1965, demon- 
strates the improvements that have been made. 


Table 3. Estimates of environmental levels of radon-222 
and its daughters in uranium mines, third quarter 1965 





| 
| Percent of 
Multiple of working level } men 
affected * 








* Total of 2,342 


Maintenance of mine ventilation is a constant 
effort. Air doors and stoppings become defec- 
tive and must be repaired. Fans and duct-work 
require replacement, and an educational cam- 


paign must be carried on to insure that the 
miners will use the ventilation that is provided. 
During the winter, this may be the most difficult 
part of the entire operation. Occasional high 
exposures will continue to occur because of 
mechanical or human failure, and it is unrealis- 
tic to expect that all working areas of any mine 
will always be in a satisfactory condition. Ex- 
periments on the use of water sprays, over- 
pressurization of working areas, and filtration 
of air have been reported, but none of these 
procedures has been widely used to date (7,8). 


The mining of uranium ores in the United 
States has resulted in exposing many thousands 
of men to dangerous amounts of radon—222 
and its daughters. These exposures have caused 
an increased incidence of lung cancer in the 
miners and this increase is correlated with 
cumulative exposure to these elements. Efforts 
to control such exposures by State agencies 
and mine operators have improved conditions 
markedly, but much remains to be done to 
insure that radiation hazards in this segment 
of the nuclear energy industry are reduced to 
acceptable levels. 
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Section I. Milk and Food 


In the determination of the internal exposure 
to man from environmental radiation sources, 
primary interest centers on radionuclides in the 
diet. Efforts are being made by both Federal 
and State agencies to monitor the intake of 
various radionuclides in the total diet on a 
continuing basis. The total diet is the most 
direct measure of intake of radionuclides; how- 
ever, since specific dietary data are not readily 
available, indicator foods may be used to esti- 
mate radionuclide intake. As fresh milk is: 
(1) consumed by a large segment of the U.S. 
population; (2) contains most of the biological- 
ly significant radionuclides from nuclear test 
debris which appear in the diet; and (3) is the 
major source of dietary intake of short-lived 
radionuclides, it is the single food item most 
often used as an indicator of the population’s 
intake of radionuclides. In the absence of spe- 
cific dietary information, it is possible to ap- 
proximate the total daily dietary intake of 
selected radionuclides as being equivalent to 
the intake represented by the consumption of 
1 liter of milk. More direct estimates of dietary 
intake of radionuclides than those furnished 
by indicator foods can be obtained by analyses 
of the total diet or representative principal 
food items or groups, combined with appropri- 
ate consumption data. 

The Federal Radiation Council (FRC) has 
developed Radiation Protection Guides (RPG’s) 
for controlling normal peacetime nuclear oper- 
ations, assuming there is continuous exposure 
from intake by the population at large (1-3). 
The RPG’s do not and cannot establish a line 
which is safe on one side and unsafe on the 
other; they do provide an indication of when 
there is a need to initiate careful evaluation of 
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exposure (3). Additional guidelines are pro- 
vided by the FRC Protective Action Guides 
(4) and by the International Commission of 
Radiological Protection (5,6). 

Data from selected national, international, 
and State milk and food surveillance activities 
are presented herein. An effort has been made 
to present a cross-section of routine sampling 
programs which may be considered of a con- 
tinuing nature. Routine milk sampling has 
been defined as one or more samples collected 
per month. 
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NATIONAL AND INTERNATIONAL MILK SURVEILLANCE 


As part of continuing efforts to quantitatively 
monitor man’s exposure to radionuclides, vari- 


ous national and international organizations 
routinely monitor radionuclide levels in milk. 





1. Pasteurized Milk Network 
November 1966 


National Center for Radiological Health and 
National Center for Urban and Industrial 
Health, PHS 


The Public Health Service’s Pasteurized Milk 
Network (PMN) was designed to provide na- 
tionwide surveillance of radionuclide concen- 
trations in milk through sampling from major 
milk production and consumption areas. The 
present network of 63 sampling stations (figure 
1) provides data on milk in every State, the 


Canal Zone, and Puerto Rico. The most recent 
description of the sampling and analytical pro- 
cedures employed by the PMN appeared in the 
December 1966 issue of Radiological Health 
Data and Reports (1). 

The results for November 1966 and third 
quarter of 1966 are presented in table 1. The 
average monthly radionuclide concentrations 
are based on results obtained from samples 
collected weekly. When radionuclide values 
were below minimum detectable concentrations 
(1), averages were calculated using one-half 
the minimum detectable value; however, for 
iodine-131 and barium—140, zero was used for 
averaging purposes when concentrations were 
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Figure 1. Pasteurized Milk Network sampling stations 


Radiological Health Data and Reports 





Table 1. Average concentrations of radionuclides in pasteurized milk for the third quarter and November 1966 





) Ch esti AE SSN eis 


Concentration, pCi/liter 








Strontium-89 Strontium-90 | j g | : 187 : 
Sampling location A AE OE OR IN | Todine-131 | Cesium-137 Barium-140 


| 


Third | November Third | November Third November| Third November 
— 1966 * quarter 1966 quarter 1966 1966 quarter 


| 
| 
| 
| 


Montgomery 
Palmer - - 
Phoenix - _ - 
Little Rock - 
Sacramento 
San Francisco. 


Cristobal 
Denver 
Hartford 
Wilmington - 
Washington 
Tampa. 


Orne Cd 


eet et 


Atlanta 
Honolulu -- - - 
Idaho Falls_ 
Chicago - 
Indianapolis_ 
Des Moines. . 


Wichita 
Louisville _ _. 
New Orleans - 
Portland 
Baltimore _ _. 
Boston __. __- 


AZ ZZAAAZ 
oe Fr Koo 


ooo oocoocooo coooooo 


_ 


-_ 


o;ocooooeo coceceo cocecoe ococ]ecoe ococooecoc coocooecoe cooeceo ooo 


Detroit _ _ - Siete 
Grand Rapids --- 
Minneapolis_- 
Jackson 

Kansas City-_-- 

St. Louis 


Helena 

Omaha. sae 
Las Vegas--- 
Manchester - 

,. sre 
Albuquerque - - 





Buffalo I Posies 
New York City___.___. 
Syracuse ___ 

Charlotte - 

Minot ___ 

Cincinnati _- - - 
Cleveland 


Oklahoma City- 
Portland. 
Philadelphia 
Pittsburgh 

San Juan 
Providence___ 


Charleston_ 
Rapid City - - 
Chattanooga 
Memphis 
Austin _ - 
Dallas 


Burlington 
Norfolk 
Seattle 


Milwaukee 
Laramie 

















| 


o| cccccc] ecooooo coooooo oescocooososo ceoceco ocooec|eo coocoo ooeoosoo cocooecoe cocooco | 





ej|jcoocoocooo cooooooeso coocoso coococecseso coocoeso ocooecoe cocooecose coceoo ecec]eo ooooco 
elicoocoocoooo coooocoso coooooo sooooeoeso oooceso coceoosoe ooooeoo cooeco sooocooeceo coooeco 


Network average ___- 























NA, no analysis. 
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Table 2. lIodine-131 concentrations, pCi/liter, 





: : November 1966 
Station location 

















Sacramento 
San Francisco. - - 


Cristobal 

Denver - - - 
Hartford _ - 
Wilmington - -- - - 
Washington _ - -- 
, ss 


Atlanta 

Honolulu 

Idaho Falls --- - - 
Chicago -- 
Indianapolis - - - - - 
Des Moines 


Wichita 
Louisville - - 
: New Orleans- --- - 
Maine Portland 
Md: Baltimore - - --- 
Mass: Boston 


Mich: Detroit 
Grand Rapids - -- 
Minn: Minneapolis - - - - 
Jackson 
Kansas City - - - - 
iti a dinciciintsinmnns petnce 


0 
IN 6 irsacineaie 
Las Vegas 
Manchester 
Trenton... ...-- 
Alburquerque 


Buffalo- - -- - pao ekuwe 
ew Tetk............ 
Svracuse 


Cincinnati 
Cleveland 


Philadelphia 
Pittsburgh 


Charleston 
Rapid City 
Chattanooga 


Dallas 
Salt L 


ake City 


Charleston 
Milwaukee 
Laramie 
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in individual milk samples, November 1966 





November 1966—Continued 





Station location 




































































Montgomery. 
Palmer. 
Phoenix. 
Little Rock. 
Sacramento. 
San Francisco. 


Cristobal. 
Denver. 
Hartford. 
Wilmington. 
Washington. 
Tampa. 


Atlanta. 
Honolulu. 
Idaho Falls. 
Chicago. 
Indianapolis. 
Moines. 


Wichita. 
Louisville. 
New Orleans. 
Portland. 
Baltimore. 
Boston. 


Detroit. 
Grand Rapids. 
Minneapolis. 
Jackson. 
Kansas City. 
St. Louis. 


Helena. 
Omaha. 

Las Vegas. 
Manchester. 
Trenton. 
Albuquerque. 


Buffalo. 
New York. 
Syracuse. 
Charlotte. 
Minot. 
Cincinnati. 
Cleveland. 


Oklahoma City. 
Portland. 
Philadelphia. 
Pittsburgh. 

San Juan. 
Providence. 


Charleston. 
Rapid City. 
Chattanooga. 
Memphis. 
Austin. 


Dallas. 

Salt Lake City. 
Burlington. 
Norfolk. 
Seattle. 
Spokane. 
Charleston. 


Milwaukee. 
Laramie. 
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below minimum detectable levels. A similar 
procedure is used for the network average. 
Individual iodine-131 milk concentrations for 
November are presented in table 2, and are pre- 
sumed to reflect fallout from the Chinese main- 
land test of October 27, 1966. For comparative 


Table 3. Frequency distribution, strontium-90 concentra- 
tions in milk at Pasteurized Milk Network stations 
November 1965 and June-November 1966 





Number of stations 





Strontium-90 


(pCi/liter) 1966 





July | Aug | Sept 





14 15 
39 40 
9 7 
1 1 























purposes, distributions of strontium-90 and 
cesium-—137 are presented in tables 3 and 4 for 
November 1965 and June through November 
1966. The average strontium—90 concentrations 
in pasteurized milk from selected cities are 
presented in figure 2. 


Table 4. Frequency distribution, cesium-137 concentrations 
in milk at Pasteurized Milk Network stations 
November 1965 and June-November 1966 





Number of stations 





Cesium-137 


(pCi/liter) 1966 





Aug 
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Figure 2. Strontium-90 concentrations 
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2. Canadian Milk Network 
November 1966? 


Radiation Protection Division 
Department of National Health and Welfare 


Since November 1955, the Radiation Protec- 
tion Division of the Department of National 
Health and Welfare has been monitoring milk 
for radionuclide concentrations. Powdered milk 
was originally sampled, but liquid whole milk 
has been sampled since January 1963. At pres- 
ent, 16 milk sampling stations (figure 3) are 
in operation. Their locations coincide with air 
and precipitation sampling stations. 

Milk samples are collected three times a week 
from selected dairies and are combined into 
weekly composites. The contribution of each 
dairy to the composite sample is directly pro- 
portional to the liquid volume of sales. Weekly 
spot check analyses are made for iodine-131, 
and monthly composites are analyzed for stron- 
tium-—90, cesium-—137, and stable calcium and 


1 Prepared from December 1966 monthly report “Data 
from Radiation Protection Program,” Canadian Depart- 
ment of National Health and Welfare, Ottawa, Canada. 


potassium. The analytical procedures were out- 
lined in the December 1966 issue of Radiological 
Health Data and Reports (2). 

The November 1966 monthly average stron- 
tium-—90, cesium—137, and stable calcium and 
potassium concentrations in Canadian whole 
milk are presented in table 5. Iodine-131 and 
strontium-—89 concentrations were below mini- 
mum detectable levels. 


Table 5. Stable elements and radionuclides in 
Canadian whole milk, November 1966 





Strontium-90 
(pCi/liter) 


Cesium-137 
(pCi/liter) 


Potassium 
(g/liter) 


Calcium 
(g/liter) 


Station 





Calgary 
Edmonton..-.- -- 
Ft. William 
Fredericton 


Regina... .-.-...- 
St. John’s, Nfid_ 
Saskatoon 

Sault Ste. Marie_ 


Toronto....... 
Vancouver 





1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
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Figure 3. Canadian milk sampling stations 
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3. Pan American Milk Sampling Program 
November 1966 


Pan American Health Organization and 
U.S. Public Health Service 


The Pan American Health Organization 
(PAHO), in collaboration with the U.S. Public 
Health Service (PHS), furnishes assistance to 
health agencies in the American Republics in 
developing national radiological health pro- 
grams. 

Under a joint agreement between both agen- 
cies, air and milk sampling activities are con- 
ducted by a number of PAHO-member coun- 
tries (figure 4). Results of the milk-sampling 
program are presented below. Further infor- 
mation on the sampling and analytical proce- 
dures employed was presented in the December 
1966 issue of Radiological Health Data and 
Reports (3). 


Table 6 presents stable potassium, stron- 
tium-89, strontium—90, iodine—131, cesium-137, 
and barium-140 monthly average concentra- 
tions for November 1966. 





ao, : , ABSAN JUAN 


‘ 


Bi INGsTON 


0 200 400 
Scale in Miles 


GUAYAQU oe 


Figure 4. Pan American Milk Sampling Program locations 











Table 6. Stable element and radionuclide concentrations in PAHO milk, November 1966 





Sampling station of 


(g/liter) 
samples 


Number | Potassium | Strontium-89 


(pCi/liter) * 


Strontium-90 |Iodine-131 *| Cesium-137 | Barium-140 
(pCi/liter) (pCi/liter) | (pCi/liter) | (pCi/liter) 





Chile: 


Montego Bay 
Venezuela: 





Canal Zone: 
Cristobal > 

Puerto Rico: 
San Juan > 














7 25 
7 15 














* Data have been corrected for decay to the date of sample collection. 
> For comparison purposes, the radionuclide concentrations at Cristobal, Canal Zone, and San Juan, Puerto Rico, 


are presented. 
8, no sample collected 
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4. Radiostrontium in milk? 
January—June 1966 


Health and Safety Laboratory 
U.S. Atomic Energy Commission 


In 1954, the Health and Safety Laboratory 
began monitoring strontium—90 in liquid whole 
milk in New York City to estimate the dietary 
contribution from ingestion of radiostrontium in 
milk. Subsequently, powdered milk monitoring 
was initiated at Perry, N.Y. (1954), and at 
Mandan, N. Dak. (1955). Liquid whole milk 
monitoring was started in Honolulu, Hawaii, 
in August 1959. Sampling was terminated at 
Mandan, N. Dak., and Honolulu, Hawaii, at the 
end of June 1965. 

The New York City sample is a monthly 
composite of pasteurized milk purchased daily 
in quart containers at retail stores. Five large 
dairies are represented in the sample. The 
Perry samples are monthly composites of 
powdered whole milk for human consumption 
collected weekly in 5-pound lots from plants in 
the city. The strontium—90-to-calcium ratios in 
whole milk are presented in table 7. 


2 Data summarized from “Fallout Program Quarterly 
Summary Report, HASL 174,” available from Clearing- 
house for Federal Scientific and Technical Information, 
5285 Port Royal Road, Springfield, Va. 22151. 
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Table 7. Strontium-90-to-calcium ratios in milk 
January-June 1966 





Strontium-90-to-calcium ratios 
pCi *Sr/g Ca) 
Sampling location 





Feb | Mar May 





New York, N.Y. (liquid 
whole milk) ‘ . a “ 13.8 


Perry, N.Y. (powdered 
whole milk) 7 ° J . 11.8 




















Recent coverage in Radiological Health Data and 
Reports: 


Period 


January—December 1964 
January—March 1965 
April—June 1965 
July—December 1965 


Issue 


June 1965 
September 1965 
March 1966 
June 1966 


REFERENCES: 


(1) PUBLIC HEALTH SERVICE. Pasteurized Milk 
Network, August 1966. Radiol Health Data Rep 7: 
698-701 (December 1966). 

(2) DEPARTMENT OF NATIONAL HEALTH AND 
WELFARE, RADIATION PROTECTION DIVI- 
SION. Canadian Milk Network, August 1966. Radiol 
Health Data Rep 7:702—703 (December 1966). 

(3) PAN AMERICAN HEALTH ORGANIZATION 
and U.S. PUBLIC HEALTH SERVICE. Pan Ameri- 
can Milk Sampling Program, August 1966. Radiol 
Health Data Rep 7:704 (December 1966). 





STATE MILK SURVEILLANCE ACTIVITIES 


Considerable progress has been made by the 
State health departments in initiating or ex- 
panding environmental surveillance activities 
in radiological health. Many of the States now 
have progressed to a state of comprehensive 
environmental surveillance programs supported 
by functional radiological health laboratories. 

The continuing efforts of State health depart- 
ments in the analysis and monitoring of radio- 
nuclides in milk complement Federal milk sur- 


State milk network 





Period reported 


veillance activities. State milk surveillance ac- 
tivities are continually undergoing develop- 
mental changes. The results presented herein 
are representative of current surveillance ac- 
tivities directed at the use of milk as an indica- 
tor of dietary intake of radioactivity. 

In addition to the State milk networks pre- 
sented herein, programs recently covered in 
Radiological Health Data and Reports include: 


Last presented 








Colorado 
Connecticut 
Florida 
Indiana 
Michigan 
Minnesota 
Oklahoma 
New York 
Pennsylvania 
Texas 


May 1965-—June 
July—September 
July—September 
July—September 
July-September 
July-September 
July-September 


1966 
1966 
1966 
1966 
1966 
1966 
1966 


January—June 1966 


July—September 
July-September 


1966 
1966 


October 1966 
February 1967 
January 1967 
February 1967 
February 1967 
February 1967 
January 1967 
November 1966 
February 1967 
January 1967 


1. California Milk Network 
July-September 1966 


Division of Environmental Sanitation 
Department of Public Health 
State of California 


Surveillance of specific radionuclides in milk 
is one phase of the California Department of 
Health program on radiation control. This milk- 
monitoring function has been conducted at eight 
milksheds since January 1960 by the Depart- 
ment’s Bureau of Radiological Health. With 
the addition of the Del Norte and Mendocino 
milksheds to the program in March 1962, week- 
ly, biweekly, or monthly sampling of pasteurized 
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milk has been conducted at 10 major milksheds 
(figure 1). The original sampling locations were 
chosen by the State Department of Agriculture 
as representative of those where milk is con- 
sumed by a high percentage of the State’s popu- 
lation. A description of the various California 
milksheds was presented earlier by Heslep and 
Cornish (1). 

Strontium-89 and strontium-90 concentra- 
tions are determined radiochemically. Potas- 
sium—40, iodine-131, cesium-—137, and barium— 
140 in whole fluid milk are determined by 
gamma-scintillation spectrometery. A detailed 
descripton of the analytical procedures was 
presented earlier (2). 


Radiological Health Data and Reports 














Sacramento 


0 20 40 60 80 190 
Scale in Miles 











Figure 1. California milksheds 


Table 1. Stable elements and radionuclides in California milk, July-September 1966 





| j | 
Element and month Del 
Norte 


j 
Fresno Los Mendo- San Santa Shasta 


Sonoma | Average 
Angeles Diego Clara 





10 
08 
09 


Cesium-137 (pCi/liter) 
July 


*6 7 
14 ND 13 
*2 ND *6 






































* When the counting rate of the sample is not equal to at least twice the 0.95 error, the value reported is the best available estimate, but is not sta- 
tistically significant. 


, no sample collected 
ND, nondetectable 
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The monthly calcium and radionuclide con- 
centrations in California pasteurized milk are 
given in table 1 for the period of July to Sep- 
tember 1966. 

Network average strontium—90 and cesium— 
137 concentrations are presented graphically 
in figure 2. 


MONTHLY NETWORK AVERAGES 


CONCENTRATION (pCi/liter) 


Recent coverage in Radiological Health Data and 
Reports: 


Period Issue 


June 1966 
June 1966 
September 1966 
December 1966 


Annual summary 1964 
Annual summary 1965 
January-March 1966 
April-June 1966 








Figure 2. Radionuclide concentrations in California milk 
1960-September 1966 


2. Oregon Milk Network 
July-September 1966 


Division of Sanitation and Engineering 


Oregon State Board of Health 


The Oregon State Board of Health has moni- 
tored radionuclide concentrations in milk since 
March 1962. As part of this program routine 
milk samples are collected at eight major pro- 
duction areas (figure 3), which supply 90 per- 
cent of the milk distributed in Oregon. Cur- 
rently, pasteurized milk samples are collected 
monthly by the Oregon Department of Agricul- 
ture, except in the Portland area where weekly 
samples are collected by the city of Portland. 
The milk-sampling frequency is accelerated to 
a weekly basis in areas where iodine—131 con- 
centrations exceed 100 pCi/liter, or where 
cesium—137 concentrations exceed 500 pCi/liter. 
Strontium-90 analyses are performed on a 
bimonthly basis, but may be done monthly when 
significant increases are observed. 

Strontium-90 concentrations are determined 
using a trichloracetic acid analytical procedure 
(5). Iodine-131, cesium—137, and barium-140 
concentrations are determined by gamma-scin- 
tillation spectrometry (4). 
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Table 2. Radionuclide concentrations in Oregon milk 
July-September 1966 





| Sam- Strontium-90 
pling (pCi/liter) 
Location fre- 


Cesium-137 
(pCi/liter) 





Aug 





Pd 


Coos Bay 

OS ES 
peemerd............. 
Nyssa. 

Portland composite _ - 
Portland local__-_- ----| 


ZAZZZZ 











ZZZ 
ddl a 




















M, sampled monthly 
W, sampled weekly 
NA, no analysis 

NS, no sample collected 


Table 2 gives the strontium—90 and cesium- 
137 concentrations in pasteurized milk from 
July through September 1966. These data are 
presented graphically in figure 4. Iodine—131 
and barium-—140 concentrations remained below 
minimum detectable levels of 15 pCi/liter. 


Recent coverage in Radiological Health Data and 
Reports: 


Period 


Annual summary 1965 
January—March 1966 
April-June 1966 


Issue 

June 1966 
September 1966 
December 1966 
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Figure 4. Radionuclide concentrations in Oregon milk 
network, June 1962-September 1966 


3. Washington Milk Network 
July-September 1966 


Air Sanitation and Radiation Control Section 
State of Washington Department of Health 


The Washington State Department of Health 
initiated a surveillance program for radio- 
activity in raw milk in December 1962. The 
collection points shown in figure 5 were selected 
to provide samples representative of varying 
climatological conditions within the State’s two 
major milksheds. In addition to the eight milk 
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sampling locations in Washington, milk is sam- 
pled from Northwest Idaho (Sandpoint), as 
this area forms a part of the Spokane milkshed. 

Selected samples are analyzed radiochemical- 
ly for strontium-—90. Potassium—40, iodine—131, 
cesium-137, and barium—140 concentrations are 
determined by gamma-scintillation spectrom- 
etry. Details of the analytical procedures were 
presented earlier (5). 

Table 3 presents monthly radionuclide con- 
centrations in Washington raw milk for July 
through September 1966. During this period, 
iodine-131 and barium—140 concentrations re- 
mained below minimum detectable levels of 10 
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Figure 5. Washington milksheds and sampling locations 


Table 3. 


Radionuclide concentrations in Washington milk, July-September 1966 








Potassium-40, pCi/liter 
Sampling location 


Strontium-90, pCi/liter Cesium-137, pCi/liter 








Sept 





Benton County ---_---------- 

Deer Park--------- - 
SS ae eS ree 
Franklin County - -- 

Moses Lake -- - - 

Pierce County - _- 

Sandpoint - -- - _-- 

Sequim mae 

Skagit County 











Z 


CF#Nouas~4D 





—- 





Average 




















NS, no sample collected 
NA, no analysis performed 


and 15 pCi/liter, respectively. Monthly average 
strontium-90 and cesium-137 concentrations 
are presented graphically in figure 6, to display 
general trends. 

Zinc-65 was identified in the Benton-Frank- 
lin area on one occasion during this period 
(table 4). This nuclide has appeared periodical- 
ly in this area as a result of the irrigation of 


Table 4. Milk samples in Washington State 
containing zinc-65 





Sampling location Collection 


date, 1966 


Zinc-65 
(pCi/liter) 








Franklin County 
Benton County 
Franklin County - - -- 


.| July 6 | <25 
..| August 2 } <25 
.| September 7 109 
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some pasture land with Columbia River water 
which has been shown to contain this radio- 
nuclide. 


Recent coverage in Radiological Health Data and 
Reports: 


Period 


Annual summaries 1964 and 1965 
January—March 1966 
April—June 1966 


Issue 


June 1966 
September 1966 
December 1966 
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Figure 6. Radionuclide concentrations in Washington milk 
December 1962-September 1966 
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FOOD AND DIET SURVEILLANCE ACTIVITIES 


Efforts are being made by various Federal 
and State agencies to estimate the dietary 
intake of selected radionuclides on a continuous 
basis. These estimates, along with the guidance 
developed by the Federal Radiation Council, 
provide a basis for evaluating the significance 
of radioactivity in foods and diet. 

Networks presently in routine operation and 
reported periodically include: (1) the Public 
Health Service’s Institutional Total Diet 
Sampling Network, (2) the Atomic Energy 


Program 


Period reported 


Commission’s Tri-City Diet Study, (3) the 
Food and Drug Administration’s Teenage Diet 
Study, (4) the State of California’s Diet Study, 
and (5) the State of Connecticut’s Standard 
Diet Study. These networks provide data useful 
for developing estimates of nationwide dietary 
intakes of radionuclides. Programs most recent- 
ly reported in Radiological Health Data and 
Reports and not covered in this issue are listed 
below: 


Last presented 





California Diet 
Connecticut Standard Diet 
Institutional Diet, PHS 
Teenage Diet, FDA 
Tri-City Diet, HASL 


March 1967 


January—April 1965 

July 1965—June 1966 
April-June 1966 
February—November 1965 
February—April 1966 





January 1967 
November 1966 
January 1967 
August 1966 
December 1966 





1. Cesium-137 in Tri-City Diets, 1965' 


Health and Safety Laboratory 
U.S. Atomic Energy Commission 


The amount of cesium-137 in the human 
body can be measured with whole-body count- 
ers. The results of such measurements on cer- 
tain Alaskan Eskimos with relatively high body 
burdens have been reported (1,2). Compre- 
hensive reports of the results of such measure- 
ments in the conterminous United States have 
not appeared in the literature recently. To esti- 
mate the average cesium-—137 body burdens of 
people living in large metropolitan areas, the 
Health and Safety Laboratory (HASL) of the 
U.S. Atomic Energy Commission has relied on 
indirect evidence based on estimates of the 
cesium—137 content in the diet. These estimates 
of total intake of cesium—137 are in turn based 
on the analyses of food samples obtained as 
part of the Tri-City diet studies (2). 

In 1961, Brar, Gustafson, and Muniak (4) 
began measuring by gamma-ray spectrometry 
the cesium-—137 content in foods purchased in 
Chicago as part of the Tri-City diet program. 
In late 1964, it was decided that cesium— 
187 analyses of foods obtained in the Tri-City 
diet studies might provide additional useful 
information on the cesium—137 content in the 
diet in New York and San Francisco, as well as in 
Chicago. Ashed samples of these foods were 
analyzed by wet chemistry. Because the foods 
obtained for the program were ashed at high 
temperatures, it was likely that some of the 
cesium-—137 in the samples was volatilized be- 
fore the analyses were performed. To correct 
for these losses, the average loss for each diet 
category was computed by comparing the 
HASL results with those obtained by Brar 
et al. on identical unashed samples purchased 
in Chicago in 1965. These were averaged and 
applied to correct the data obtained on the sam- 
ples from New York City and San Francisco, 
as well as from Chicago. Results of the analyses 


1 Material authored by Mr. J. Rivera from “Fallout 
Program Quarterly Summary Report, HASL-174, Janu- 
ary 1, 1967.” Available from the Clearinghouse for 
Federal Scientific and Technical Information, 5285 Port 
Royal Road, Springfield, Va. 22151. 
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along with estimates of daily intakes of cesium— 
137 at the three cities are shown in tables 1 to 3. 

The geographical variation of cesium—137 
diet levels was similar to that observed for 
strontium-90. The highest levels were found 
in the New York City diet, the lowest levels in 
the San Francisco diet, and intermediate levels 
in the Chicago diet. If this pattern is constant, 
then the quarterly estimates of cesium—137 
diet levels made by Brar et al. since 1961 can 
be used to approximate diet levels in New York 
City and in San Francisco. 

The daily intake of cesium—137 from milk, 
meat, cereals, fruits, and vegetables, as calcu- 
lated from the data in tables 1 to 3, along with 
the percentage intake from these sources, are 
shown in table 4. As noted by others in previ- 
ous years, most of the cesium—137 ingested is 
obtained from meat or dairy products. As 
pointed out by Gustafson (5), however, the 
concentration of cesium-—137 is decreasing in 
milk at a greater rate than in other dietary 
components. Thus the relative importance of 
milk as a source of cesium—137 in diet is dimin- 
ishing. This trend, observed in 1965, is as- 
sumed to have persisted through 1966. 


Body burdens 


If it is assumed that the retention of cesium-— 
137 in the body follows a single exponential 
law, and that 100 percent of the ingested 
cesium-137 is absorbed (6), then the body 
burden at any time after ingestion is given by 
the equation: 


Q=Q, e+ Fey (1) 


where Q is the body burden, A is the biological 
decay constant for cesium-137 in the body, and 
P is the daily intake of cesium-137. If a bio- 
logical half-life of 3 months (90 days) is 
assumed, and the estimated daily intakes of 
cesium-—137 at each city are P,, P., P;, and P, 
for the first, second, third, and fourth quarters 
of the year, respectively, then one obtains: 


q=% = 2465 Pi, 


or in general, 


Q, = 2465 P,, 


9 
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Table 1. 


Cesium-137 in Tri-City diets, New York City, 1965* 








Food category Intake 


| 


Feb 1965 May 1965 





pCi/kg pCi/yr 





Sara P 
Poultry - - -- penne anenepnenienewhn 
| ET ea ee ay 
Shellfish. - - - 

EE ae a 
Bakery products__........_-.. 

Whole grain products. -_ _- 

Flour - - - : 

| 

Macaroni-_-_- -- EE OS 

Fresh vegetables___- _- 

Canned vegetables__ 

Root vegetables - 

Potatoes____ -- 

Dried beans-___- 

Fresh fruit__- 

Canned fruit_ 

Fruit juices 





ae 
IN ci tis evcivisaiinicineonint 























* No analyses for third quarter 1965 (August 1965) 





Table 2. Cesium-137 in Tri-City diets, Chicago, 1965 





Jan 1965 


Food category Intake | 


Apr 1965 July 1965 Oct 1965 





(ke/yr) | 
| pCi/kg 


pCi/yr 


pCi/kg pCi/y 





| 
Milk 
Meat TEESE - 
I iii: tects ad agit toe 
Fresh fish - -. --.- ieocbie esa 
LS kcichn een ies . 


Eggs ---- E a 
Bakery products --_- -- 
Whole grain products - - 


Macaroni os ‘ — 
ioe wines hn thie nerkeeate 
Canned vegetables __-__.._....-_--- 

Root vegetables - - - - - 

Potatoes " 

0) ee 

Fresh fruit ------.--- 

Canned fruit - - -- 

Fruit juices 





ee ee a a ee 


21, 





53,445 | 
146 | 








where Q,, is the body burden at the end of the 
nth quarter and P, is the daily intake during 
the nth quarter. 

From graphical analysis of the data obtained 
during 1965, the estimated daily intakes of 
cesium-137 for each quarter of the year were 
determined and are given in table 5. 

Monthly measurements of the cesium—137 
body burdens of two subjects made at HASL 
during 1965 showed a body burden of about 
20 nCi early in the year; this declined to about 
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15 nCi by the end of the year.? From measure- 
ments of Miller, quoted by Gvstafson (5), on 
Argonne National Laboratory personnel, the 
body burden of Chicago residents at the start 
of 1965 was about 14 nCi of cesium-137. No 
estimates are available for body burdens of 
San Francisco residents at the start of 1965, 
but a reasonable estimate from the relationship 
of diet contamination among the three cities 


2 Personal communication with L. C. Charlton. 








Table 3. Cesium-137 in Tri-City diets, San Francisco, 1965 





| 
| Intake | 


Mar 1965 


Sept 1965 


Dec 1965 





(kg/yr) 


pCi/kg pCi/yr 


pCi/kg 


pCi/kg 


pCi/yr 





Eggs 

Bakery products 

Whole grain products- 
Flour - - - 

Rice , 

Macaroni - 

Fresh vegetables as 
Canned vegetables- - - - - - - 
Root vegetables ----..-....--- 
Potatoes 

Dried beans - 

Fresh fruit 

Canned fruit 

Fruit juices - -- 








| June 1965 
| 
| 




















Food category 


Cereals - - 
Fruits = 
Vegetables 


Table 4. 


Sources of cesium-137 in Tri-City diets, 1965 





New York City 





Feb 1965 


May 1965 





pCi/day 


Percent of 
87Cs intake 


pCi/day 


Nov 


1965 





| 
| Percent of 
| 87Cs intake 


pCi/day 


Percent of 
87Cs intake 








pCi/day-...-..-.- 

















Food category 


Chicago 





Jan 1965 


Apr 1965 


July 1965 


Oct 1965 





Percent of 
137Cs intake 


pCi/day 


pCi/day | Percent of 


137Cs intake 


Percent of 
187Cs intake 


pCi/day 


pCi/day 


Percent of 
137Cs intake 
































Food category 


San Francisco 





Mar 1965 


June 1965 


Sept 1965 


Dec 1965 





Percent of 


pCi/day 
187Cs intake 


Percent of 
1387Cs intake 


pCi/day 


Percent of 
87Cs intake 


pCi/day 


pCi/day 


Percent of 
187Cs intake 
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Table 5. Estimated daily intakes of cesium-137, Tri-City 
diets, by quarters for 1965 





" 
Daily intakes (pCi/day) 


| said 


, sia 
First | Second | Third | Fourth 
| quarter | quarter quarter | quarter 
| | 








yee 
New York City- betadbesd 190 180 | 160 | 
Chicago... -_--- ee 150 125 | 115 | 
San Francisco : 145 | 110 | 85 
| | | 





Table 6. Calculated body burdens of cesium-137, 


by quarters for 1965 





| Body burdens (nCi) 





| | ee se 
Start of | First Second | Third | Fourth 


1965 | quarter | quarter | quarter 
| 





is about 10 nCi. Substituting these three esti- 
mates of Q, (20, 14, and 10 nCi for New York 
City, Chicago, and San Francisco, respectively) , 
and the estimates of P,, P., P;, and P,, the body 
burdens at the end of each quarter of 1965 for 
the three cities were calculated using equation 
(3), and are given in table 6. Based on these 
calculations it would appear that during 1965 
the average cesium—137 body burdens of New 
York City, Chicago, and San Francisco resi- 
dents remained virtually constant. It is ex- 
pected that the decline in cesium—137 diet levels 
observed during the latter half of 1965 should 
be reflected in declining body burdens during 
1966. It should be kept in mind that the rate of 
decline for individuals will depend to some extent 
on the amount of milk that they consume. Indi- 
viduals normally consuming large amounts of 
milk will experience a faster decline in body 
burdens than those consuming less milk. 


Summary and conclusion 


The best method for determining the cesium-— 
137 content in people is probably by direct 
measurements using whole-body counters. The 
next best method is by analyzing foods for 
cesium-137 by gamma-ray spectrometry or by 
radiochemistry on wet-ashed samples, and esti- 
mating from these analyses the total dietary 
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intake. Chiefly because of the ready availabil- 
ity of the samples and the obvious need for 
more information on the subject, HASL has 
analyzed dry-ashed food samples for cesium— 
137, attempted to correct the results for losses 
during ashing by volatilization, and used the 
results to estimate the total dietary intake. 
Because the correction factors turned out to be 
quite variable, this approach was not very satis- 
factory, and has been discontinued. Despite 
the shortcomings of the method the following 
conclusions have been reached, and are thought 
to be valid: 

1. Estimates of the daily intake of cesium— 
137 made from measurements of the cesium— 
137 content in foods purchased in New York 
City, Chicago, and San Francisco during 1965 
ranged from 85 pCi/day in San Francisco to 
190 pCi/day in New York City. The results 
of measurements made in one city (e.g., 
Chicago) can be used to infer the diet levels in 
the other two cities. 

2. Body burdens of cesium-137 can be in- 
ferred from dietary intake estimates. At the 
end of 1965, the body burden of cesium-137 in 
urban residents of the conterminous United 
States is estimated to have been about 16 nCi. 

3. The major sources of cesium—137 in the 
diet during 1965 were from meat and milk. 
The relative importance of milk as a source 
was decreasing at the end of 1965 and this 
trend is expected to continue during 1966. 
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Section II. Water 


The Public Health Service, the Federal Water 
Pollution Control Administration, and other 
Federal, State, and local agencies operate ex- 
tensive water quality sampling and analysis 
programs for surface, ground, and treated 
water. Most of these programs include deter- 
minations of gross beta and gross alpha radio- 
activity and of specific radionuclides. 

Although the determination of the total radio- 
nuclide intake from all sources is of primary 
importance, a measure of the public health 
importance of radioactivity levels in water can 
be obtained by comparison of the observed 
values in treated water or dissolved solids frac- 
tions of raw surface water with the Public 
Health Service Drinking Water Standards (1). 
These standards, based on consideration of 
Federal Radiation Council (FRC) recommenda- 
tions (2-4), set the upper limits for approval 
of a drinking water supply containing radium— 


Program 


California Water Sampling Program 
Coast Guard Water Sampling Program 
Colorado River Basin Sampling Network 
Drinking Water Analysis Program 
Florida Water Sampling Program 
Kentucky Water Sampling Program 


Lower Columbia River Radiological Survey in 


Oregon 


Minnesota Surface Water Sampling Program 
New York Surface Water Sampling Program 


North Carolina Water Sampling Program 
Radiostrontium in Tap Water, HASL 


Washington Surface Water Sampling Program July 1964—June 1965 
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226 and strontium-90 as 3 pCi/liter and 10 
pCi/liter, respectively. Limits may be higher 
if total intake of radioactivity from all sources 
indicates that such intakes are within the guides 
recommended by FRC for control action. In the 
known absence' of strontium-90 and alpha 
emitters, the limit is 1,000 pCi/liter gross beta 
radioactivity, except when more complete anal- 
ysis indicates that concentrations of radionu- 
clides are not likely to cause exposures greater 
than the Radiation Protection Guides. Surveil- 
lance data from a number of Federal and State 
programs are published periodically to show 
current and long range trends. Water pro- 
grams previously reported in Radiological 
Health Data and Reports are listed below. 


1 Absence is taken to mean a negligibly small fraction 
of the specific limits of 3 pCi/liter and 10 pCi/liter for 
= alpha emitters and strontium-90, respec- 
tively. 


Period reported Last presented 








July—December 1965 
1965 

1962-1964 

1962 

1964 

May 1963-—June 1964 


November 1966 
November 1966 
November 1965 
October 1965 
November 1965 
March 1965 


August 1963-—July 1964 

July—December 1965 

June—December 1965 

1964 

May and July—November 
1965 


October 1965 
July 1966 
June 1966 
November 1965 


June 1966 
May 1966 
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Standards, Report No. 1. Superintendent of Docu- 
ments, U.S. Government Printing Office, Washington, 
D.C. 20402 (May 1960). 
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GROSS RADIOACTIVITY IN SURFACE WATERS 
OF THE UNITED STATES, SEPTEMBER 1966 


Division of Pollution Surveillance 
Federal Water Pollution Control Administration 
Department of Interior 


The monitoring of levels of radioactivity in 
surface waters of the United States was begun 
in 1957 as a part of the Federal Water Pollu- 
tion Control Administration’s Water Pollution 
Surveillance System. Table 1 presents the cur- 
rent preliminary results of the analysis for 
alpha- and beta-ray activity. The radioactivity 
associated with dissolved solids provides a 
rough indication of the levels which would 
occur in treated water, since nearly all sus- 
pended matter is removed by treatment proc- 
esses. Strontium—90 results are reported quar- 
terly. The stations on each river are arranged 


in the table according to their distance from 
the headwaters. Figure 1 indicates the aver- 
age total beta radioactivity in suspended-plus- 
dissolved solids in raw water collected at each 
station. A description of the sampling and 
analytical procedures was published in the June 
1966 issue of Radiological Health Data and 
Reports. 

Data and sampling locations have been pub- 
lished for certain years (1-6) ; information for 
other periods is available on request. 

Special note is taken when the alpha radio- 
activity is 15 pCi/liter or greater or when the 
































Figure 1. Sampling locations and associated total beta activity (pCi/liter) 
for surface waters, September 1966 


March 1967 





beta radioactivity is 150 pCi/liter or greater. Pollution Surveillance System will be attempted 
These arbitrary levels provide a basis for the at this time. Comments are made only on 
selection of certain data and for comment on monthly average values. Occasional high values 
the data, if needed. They reflect no public from single weekly samples may be absorbed 
health significance as the Public Health Service into a relatively low average. When these 
drinking water standards have already pro- values are significantly high, comment will be 
vided the basis for this assessment. Changes made. 

from or toward these arbitrary levels are also During September, the following stations 
noted in terms of changes in radioactivity per showed alpha radioactivity in excess of 15 
unit weight of solids. No discussion of gross pCi/liter on either dissolved or suspended 
radioactivity per gram of dissolved or sus- solids: 

pended solids for all stations of the Water Arkansas River: Coolidge, Kans. 


Table 1. Radioactivity in raw surface waters, September 1966 





Average beta radio- Average alpha radio- Average beta radio- Average alpha radio- 
: activity, pCi/liter activity, pCi/liter activity, pCi/liter activity, pCi/liter 
Station Station 








Sus- Dis- Total Sus- Dis- Total Sus- Dis- Sus- Dis- Total 
pended) solved pended) solved pended) solved pended) solved 





Animas River: Missouri River: 
Cedar Hill, N. Mex-_- <1 Williston, N. 
Arkansas River: Bismarck, N. 
Coolidge, Kans_ : 2 St. Joseph, Mo 
Ponca City, Okla_--- 36 4 5 || North Platte River: 
Atchafalaya River: Henry, Nebr 
Morgan City, La---- Ohio River: 
Big Horn River: Toronto. Ohio--- ---- 
Hardin, Mont Pend Oreille River: 


Chena River: Albeni Falls Dam, 
Fairbanks, Alaska- Idah 


Clearwater River: 

Lewiston, Idaho 
Clinch River: 

Clinton, Tenn 

Kingston, Tenn *---_- 
Colorado River: 

Loma, 

Page, A 

Parker Den, Calif- 


nN 
nN 


A 
~~ 
~ 


Platte River: 
Plattsmouth, Nebr__- 
Rainy River: 
Baudette, Minn 
Red River, North: 
a Forks, 


Dak 
Red Riven South: 
Alexandria, La 
Rio Grande: 
El Paso, Tex 
Laredo, Tex 
San Joaquin River: 
Vernalis, Calif 
San Juan River: 
Shiprock, N. Mex..-_- 
Savannah River: 
Rome, 


Port Wentworth, 
Cumberland River: Ga 
Cheatham Lock, Snake ieee 
Dibttieacnese Payette, Idaho 
Delaware River: Wawawai, Wash 
Philadelphia, Pa South Platte River: 
Great Lakes: Julesburg, Colo. 
Duluth, Minn Susquehanna River: 
Green River: Conowingo, Md 
Dutch John, Utah-. - Tennessee River: 
Hudson River: Chattanooga, Tenn -- 
Poughkeepsie, N.Y - - Wabash River: 
Illinois River: New Harmony, Ind_. 
eoria, Yellowstone River: 


Grafton, Ill Sidney, Mont 
Kansas River: 


Columbia River: 
Wenatchee, Wash- - - 
Pasco, Wash Rs 


- 
oo *® ©8133 COC oO 4 
Koo *® €®N CO SO SC @® 


A 


Connecticut River: 
Enfield Dam, Conn_- 
Coosa River: 


ooocoociovc¢ocoso 9 
oo 


o °o 


ow oso 8 
ow o fc 9O 





Maximum 


Minimum 





Toledo, Ohio 
Mississippi River: 

St. Paul, Minn 

E. St. Louis, Ill 

New Roads, La 

New Orleans, La- --- 














ecowro ococlmwHMhCUCOOCOUCUCOCUCOCUcOUlUc OU 


KweRK Oo OC COC NSF 
ewno oo le eS 
































* Gross beta activity at this station may not be directly comparable to gross beta activity at other stations because of the possible contribution of 
radionuclides from an upstream nuclear facility in addition to the contribution from fallout and naturally occurring radionuclides, common to all stations. 
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Colorado River: Loma, Colo. 

North Platte River: Henry, Nebr. 
Rio Grande: Laredo, Tex. 

San Juan River: Shiprock, N. Mex. 
South Platte River: Julesburg, Colo. 


Beta radioactivity in excess of 150 pCi/liter 
on either dissolved or suspended solids appeared 
at Pasco, Wash., on the Columbia River; 


Laredo, Tex., on the Rio Grande; and Jules- 
burg, Colo., on the South Platte River. 
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Section III. Air and Deposition 


RADIOACTIVITY IN AIRBORNE PARTICULATES AND PRECIPITATION 


Continuous surveillance of radioactivity in 
air and precipitation provides one of the earli- 
est indications of changes in environmental 
fission product activity. To date, this surveil- 
lance has been confined chiefly to gross beta 
particle analysis. Although such data are insuffi- 
cient to assess total human radiation exposure 
from fallout, they can be used to determine 
when to modify monitoring in other phases of 
the environment. 

Surveillance data from a number of pro- 
grams are published monthly and summarized 
periodically to show current and long-range 


Network 


Period reported 


trends of atmospheric radioactivity in the 
Western Hemisphere. These include data from 
activities of the U.S. Public Health Service, 
the Canadian Department of National Health 
and Welfare, the Mexican Commission of Nu- 
clear Energy, and the Pan American Health 
Organization. 

An intercomparison of the results from the 
above networks was performed by Lockhart 
and Patterson in 1962 (1). In addition to the 
programs presented in this issue, the following 
program was previously covered in Radiological 
Health Data and Reports. 


Last presented 





HASL Fallout Network 


July-December 1965 





September 1966 





1. Radiation Surveillance Network 
November 1966 


National Center for Radiological Health 
Public Health Service 


Surveillance of atmospheric radioactivity in 
the United States is conducted by the Radiation 
Surveillance Network (RSN) which regularly 
gathers samples at 74 stations distributed 
throughout the country (figure 1). Most of the 
stations are operated by State health depart- 
ment personnel. 
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Daily samples of airborne particulates and 
precipitation are forwarded to the Radiation 
Surveillance Network Laboratory in Rockville, 
Md., for laboratory analysis. The alerting func- 
tion of the network is provided by routine field 
estimates of the gross beta radioactivity made 
by the station operators prior to submission of 
the samples for laboratory analysis. When high 
radioactivity levels in air are reported, appro- 
priate officials are promptly notified. Compila- 
tion of field estimates and laboratory confirma- 
tions are reported elsewhere on a monthly basis 
(2). A detailed description of the sampling and 
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Table 1. 
Station location 


Montgomery - 
Adak-- 
Anchorage 

Attu Island _ - 
Fairbanks___- 
Juneau - - 

Kodiak 

Nome_-- 

Pt. Barrow__- 

St. Paul Island _- 


Alaska: 


Phoenix ina 
Little Rock - - - 
Berkeley _- 

Los Angeles 
Ancén_ 
Denver- - -- - 
Hartford__. 
Dover 
Washington 
Jacksonville_ 
Miami-__- 


Atlanta__ 
Agana. 
Hawaii: Honolulu- 
Idaho: Boise__ 

Ill: Springfield___ 
Ind: 

lowa: lowa City_-_-- 
Kans: Topeka. 

Ky: Frankfort_ 

La: New Orleans -_ - 


Guam: 


Augusta 

Presque Isle__ 
Baltimore _- 
Rockville _ - 
Lawrence _ 
Winchester __- 
Lansing- -_- 
Minneapolis_- 
Jacuaon........- 
Jefferson City - - - 


Maine: 
Md: 
Mass: 


Mich: 
Minn: 
Miss: 
Mo: 


Helena - - - 

Lincoln_ ; 
Bes VOMNS...260e00- 
Concord - 

Trenton _ _- 

Santa Fe_-_-_- 

Albany - - - 

Buffalo- 

New York - - - 
Gastonia__-_ -- 
Bismarck - - 


Cincinnati 
Columbus... 
Painesville 
Oklahoma City 
Ponca City___- 
Portland__ 
Harrisburg_ 
San Juan 
Providence__ 
Columbia 
Pierre__ 


Nashville 

Austin. _- 

El Paso-_- 

Salt Lake City 
Segre 
Richmond - - - - 


Sookane - - - 
Charleston _ - 
Madison 
Cheyenne. 


Number 
of samples 


Air | Pptn | Maximum 
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Gross beta radioactivity in surface air and precipitation, November 1966 


Air surveillance 


| 
Minimum 





| 

Last 

| profile Se a a: ae ee 

| in RHD | 
&R | Total 

| disposition 

(nCi/m ?) 


Precipitation 


(mm) 


<18 
<2 


<12 
<35 











| 


iS 
@ 

















* The monthly average is calculated by weighting the individual samples with length of sampling periud. 


for averaging purposes. 
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Values of <0.10 are assumed to be 0.10 
If 10 percent or more samples from a station contain <0.10 pCi/m', a less-than sign is placed before the average. 
> No precipitation sample collected 
° No report received 








Stations Not Shown 


@ Agana, Guam 

@ Honolulu, Hawaii 

@ San Juan, Puerto Rico 
®@ Ancon, Canal Zone 








@ SAMPLING STATIONS 


lumbus 7q_ er ov" Baltimore 
inci fT tect 


Rick Washington, D.C. 


A) 








Figure 1. Radiation Surveillance Network sampling stations 


analytical procedures was presented in the 
November 1966 issue of Radiological Health 
Data and Reports. 

Table 1 presents the monthly average gross 
beta radioactivity in surface air and deposition 
by precipitation during November 1966. Time 
profiles of gross beta radioactivity in air for 
eight RSN stations are shown in figure 2. 
Gross beta radioactivity on air samples col- 
lected by most RSN stations increased sharply 
and remained elevated for several days, begin- 
ning about a week to 10 days after the October 
27, 1966, nuclear detonations in mainland China 
and the USSR. Levels reached were compara- 
ble to those found after the May 9, 1966, Chinese 
mainland test. A summary of RSN findings is 
shown in table 2. The most active sample re- 
ceived was collected on November 5, 1966, at 
Salt Lake City, Utah, and extrapolated to 28.71 
pCi/m® at the time of collection. Precipitation 
radioactivity levels were slightly elevated dur- 
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ing November and fresh fission products were 
identified in the samples in table 3. 


Table 2. Summary of fresh fission product activity 
observed in RSN air findings 





Distribution of activities Number of 


samples 





1. Fresh fission products, contents confirmed by gamma-ray 
spectrometry 
2. Less than 1.0 pCi/m*_-_-_-_-___-. 


3. 

4. 

5. 20.0 pCi/m! or greater 

6. Total number of samples collected 








Table 3. Fresh fission product activity observed in 
precipitation samples 





Location Date Concentration| Deposition 
1966 (pCi/liter) (nCi/m?) 





Wyo: Cheyenne_._..........-.-| } y 2,500 

Kans: Topeka Vov. 3,000 
N. Dak: Bismarck Nov. 1,200 
Ind: Indianapolis 900 
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AVERAGE GROSS BETA CONCENTRATION (pCi/m) 


AVERAGE GROSS BETA CONCENTRATION (pCi/m) 
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Figure 2. Monthly and 


P esd profiles of beta radioactivity in air— 
Radiation Survei 


lance Network, 1960-November 1966 
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2. Canadian Air and Precipitation Monitoring 
Program, November 1966' 


Radiation Protection Division 
Department of National Health and Welfare 


The Radiation Protection Division of the 
Canadian Department of National Health and 
Welfare monitors surface air and precipitation 
in connection with its Radioactive Fallout Study 
Program. Twenty-four collection stations are 
located at airports where the sampling equip- 
ment is operated by personnel from the Meteor- 
ological Services Branch of the Department of 
Transport (figure 3). Detailed discussions of 
the sampling procedures, methods of analysis, 
and interpretation of results of the radioactive 
fallout program are contained in reports of 
the Department of National Health and Wel- 
fare (3-7). 

A summary of the sampling procedures and 
methods of analysis was presented in the 
November 1966 issue of Radiological Health 
Data and Reports. 


1 Prepared from information and data in the Decem- 
ber 1966 monthly report “Data from Radiation Pro- 
tection Program,” Canadian Department of National 
Health and Welfare, Ottawa, Canada. 


Surface air and precipitation data for 
November 1966 are presented in table 4. 


Table 4. 


Canadian gross beta activity in surface air 
and precipitation, November 1966 





Station 


Calgary-_- -- 


| 
Num-|} 
ber | 
of | 
| sam- 
ples Max- 
| imum 


Coral Harbour-__-- --| 
Edmonton - - - - --- - 


Ft. Churchill _ - 


Ft. William 
Fredericton___ 


Goose Bay - - - - -- Ee 


Halifax - 


ae 
Montreal____ - 
Moosonee 
Ottawa 


Quebec - - - 


Regina__..._..-.--| 


Resolute 


St. John’s, Nfid_--_- 


Saskatoon_.-- - 


Sault Ste. Marie_ 


Toronto_____-- 
Vancouver - - - - 


Whitehorse__ _- 
Windsor 


me Ore 


| 
| 

ia 

| 

| 


_ 





Min- | Aver- 


imum | 


age 





Precipitation 
measurements 





| 
| Average | 





Total 
concen- | deposition 
trations | (nCi/m?) 
(pCi/liter) | 


-Oon sal? Adie Oo Orf-or 





Network oommery -| 


S| 2OOR WORD WODR BHD AwWom 


eS;onno one #ONK 





o;esceoo eoeoo eSseo eSesse SSeS ooo: 


o;coooco ooor 


e|S2-2 S999 Sss99 S999 S999 SSS~ 
oe NNNNY NoOowu QD oOo @nworw me DOD NnuarKFo 


wl) Pe GMI hw BNR w COND MDG 


wl ocouo #1. 








NS, no sample 


T, trace precipitation 
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Figure 3. Canadian air and precipitation sampling stations 
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3. Mexican Air Monitoring Program 
November 1966 


National Commission of Nuclear Energy 


The Radiation Surveillance Network of 
Mexico was established by the Comisién Na- 
cional de Energia Nuclear (CNEN), México, 
D.F. From 1952 to 1961, the network was di- 
rected by the Institute of Physics of the Uni- 
versity of Mexico, under contract to the CNEN. 

In 1961, the CNEN appointed its Division of 
Radiological Protection to establish a new radi- 
ation surveillance network. In 1966, the Divi- 
sion of Radiological Protection was restruc- 
tured and its name changed to Direccién Gen- 
eral de Seguridad Radiol6gica (DRS). The net- 
work consists of 16 stations (figure 4), 11 of 
which are located at airports and operated by 
airline personnel. The remaining five stations 
are located at México, D.F., Mérida, Veracruz, 
San Luis Potosi, and Ensenada. Staff members 
of the DRS operate the station at México, D.F., 
while the other four stations are manned by 
members of the Centro de Previsién del Golfo 
de México, the Chemistry Department of the 


University of Mérida, the Institute de Zonas 
Desérticas of the University of San Luis Potosi, 
and the Escuela Superior de Ciencias Marinas of 
the University of Baja California, respectively. 


Sampling 


The sampling procedure involves drawing 
air through a high-efficiency 6- by 9-inch glass- 
fiber filter for 20 hours a day, 3 or 4 days a 
week at the rate of 1,000 cubic meters per day, 
using high volume samplers. 

After each 20-hour sampling period, the filter 
is removed and shipped via airmail to the 
Seccién de Radioactividad Ambiental, CNEN 
in México, D.F., for assay of gross beta radio- 
activity, allowing a minimum of 3 or 4 days after 
collection for the decay of radon and thoron. The 
data are not extrapolated to the time of collec- 
tion. Statistically, it has been found that a 
minimum of eight samples per month were 
needed to get a reliable average activity at 
each station (1). 

The maximum, minimum, and average fission 
product beta concentrations in surface air dur- 
ing November 1966 are presented in table 5. 
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Mexican air sampling station locations 


March 1967 





Table 5. Mexican gross beta radioactivity of airborne 4. Pan American Air Sampling Program 
particulates, November 1966 November 1966 





| Number | Gross beta radioactivity, pCi/m® 
Station | of | 


| entaaten | Pan American Health Organization and 
| Maximum | Minimum | Average U Ss Public Health Service 








Acapulco... - - - - : wale ‘ . | 
Chihuahua.- - - -- Se f x 1] 
| 
| 


Gross beta radioactivity in air is monitored 
by countries in the Americas under the auspices 
of the collaborative program developed by the 

> gla | 0. Pan American Health Organization (PAHO) 
nares --77°277>* 11 | a | and the U.S. Public Health Service (PHS) to 


Nuevo Laredo- 


Paiste... Ns | assist PAHO-member countries in developing 
aR | 3 0: radiological health programs. The sampling 
—? = 2 * equipment and analytical services are provided 


NS, no sample collected, station temporarily shutdown. by the National Center for Radiological Health, 


Ciudad Judrez_ - : 
ES SES 
Guadalajara 

Ph canusegeueden 
ae | 
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Figure 5. Pan American Air Sampling Program stations 
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PHS, and are identical with those employed 
for the Radiation Surveillance Network. The 
air sampling station positions are shown in 
figure 5. 

The November 1966 air monitoring results 
from the participating countries are given in 


Table 6. PAHO gross beta radioactivity 
in surface air, November 1966 





ser pe Gross beta radioactivity, pCi/m* 


Station location 





° 
samples : = 
Maximum | Minimum | Average * 





Argentina: Buenos Aires - 
Chile: Santiago 
Colombia: Bogota 
Ecuador: Guayaquil 
Jamaica: Kingston 

Peru: 

Venezuela: Caracas 

West Indies: Trinidad - - - 

















al CORR aR ee 


Pan American summary - - 








® The monthly average is calculated by weighting the individual samples 
with length of sampling period. Values of <0.10 are assumed to be 0.10 
for averaging purposes. If 10 percent or more of the samples from a 
station contain <0.10 pCi/m', aless-than sign is placed before the average. 


table 6. Levels were considerably lower than 
October levels. During November, fresh fission 
products were identified in the samples in 
table 7. 


Table 7. Fresh fission product activity observed in 
PAHO air samples, November 1966 





Most 

active 

sample 
at time of 
collection 
(pCi/m*) 


Date of 
most active 
sample 


Location Dates 
November 1966 





Peru: Lima 8,9° 

Chile: Santiago 1,2,4—14, 16-30> 
Venezuela: Caracas_.........| 1-4. 11° 
Argentina: Buenos Aires 2-12, 15-174 
Jamaica: Kingston 10-12 








West Indies: Trinidad 10° 
Qt 
1-6, 8-19, 23-306 | 


Colombia: Bogota 
Ecuador: Guayaquil. - - - - - - - 7 








* No sample received for Nov. 1-7, 10-30 

b+ No sample received for Nov. 3. 

¢ No sample received for Nov. 22, 23. 

4 No sample received for Nov. 22-30. 

¢ No sample received for Nov. 18-21. 

{ No sample received for Nov. 9-12. 15, 30. 
« No sample received for Nov. 7, 20-22. 





5. Fallout in the United States and other areas 
January-June 1966? 


Health and Safety Laboratory 
U.S. Atomic Energy Commission 


Monthly fallout deposition rates for stron- 
tium-90 are determined by the Health and 
Safety Laboratory (HASL) for 49 sites in the 
United States and 107 locations in other coun- 
tries. HASL data from all of the active U.S. 
stations and other selected points in the West- 
ern Hemisphere (figure 6) covering the period 
from January through June 1966 are sum- 
marized in tables 8 and 9. All the stations of 
the 80th Meridian Network are represented. 


2 The data in this article were taken from Fallout 
Program Quarterly Summary Report, HASL 174:A-1 
to A-169; B-1 to B-22. 
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Methods of collection 


Two methods of fallout collection are em- 
ployed by HASL. In the first, precipitation 
and dry fallout are collected for a period of 1 
month in a stainless-steel pot with an exposed 
area of 0.076 m*. At the end of the collection 
period the contents are transferred by careful 
scrubbing with a rubber spatula, to a poly- 
ethylene sample bottle, which is then shipped 
to the laboratory for analysis. 

The second method involves the use of a 
polyethylene funnel, with an exposed area of 
0.072 m?, attached to an ion exchange column. 
After a 1-month collection, the inside of the 
funnel is wiped with a tissue and the tissue is 
inserted in the end of the column, which is 
then sealed and sent to HASL for analysis. At 
the 95-percent confidence level there is no sig- 
nificant difference in the strontium—90 meas- 
urements obtained from samples collected by 
the two methods (1). 
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Figure 6. HASL fallout sampling stations in the Western Hemisphere 
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Table 8. Strontium-90 fallout in the United States, HASL, January-June 1966 





Sampling location Type of 
odlinetion 


Fallout deposition, nCi/m? 








Ala: Birmingham - - - - pot 

Alaska: Anchorage column 
column 
column 
column 
column 
column 


Calif: Te. Re BO, 6c cnccwctcacccendscsccsusqunes pot 
San Francisco column 

Colo: Denver : ..| column 

Fla: en ne ee pot 
Miami column 


column 
pot 
column 
column 
pot 


Hawaii: 


column 
column 
column 
column 
WE a ccnnepetavextdbncuntaudweswabucek -| pot 


SS EEE 
Williston 


OE, 2 cen accheanseedéedeunmacenwan oa 
i sc annwittamadetdwenhaed ae kare 
Columbia 


pot 
column 
pot 
pot 
column 


column 
pot 

column 
column 
column 


Tatoosh Island column 
Green B column 











e229 Se9S9 SS999 
ecooo cfc ooo coooo 


e202 Sese5 © 





© 2999 SSssS SSSS9 
gooss9 S9s99 SsSoS9 


o 
— 
on 
eessss sess soolS 


essess SsssS SS999 
esssss ssssS S999 


© ecco Sooo 
Szoesse sess 
Sasser Sss84 

















NS, no sample reported 
T, zero or trace 


Other radionuclides 


Laboratories at Westwood, N.J., New York, 
N.Y., and Seattle, Wash., have analyzed month- 
ly precipitation samples for various radio- 
nuclides. The amount of precipitation and the 
monthly deposition rates at each station for 
iron—55, strontium—90, cerium—144, plutonium— 
238, plutonium-—239, and plutonium—240 are 
presented in table 10. 


REFERENCES 
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JR. Intercalibration of the major North American 
networks employed in monitoring airborne fission 
products. NRL Report 6025. Naval Research Lab- 
oratory, Washington, D.C. 20390 (December 1963); 
summarized in Radiol Health Data 5:12-15 (January 


1964). 

(2) RADIATION SURVEILLANCE NETWORK. 
Monthly tabulation of findings. National Center for 
Radiological Health, Public Health Service, Rock- 
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Table 9. Strontium-90 fallout in North and South America, HASL, January-June 1966 





Fallout deposition, nCi/m? 
Sampling location Type of 


collection 





_— 
= 
s 


Mar 


> 
A] 
3 





Argentina: Buenos Aires - - - - bh ch ibimains -| column 
Formosa - - ; Cette ss column 
Malargue aereeecer . -| column 
Bahamas: Bimini - cule oman ae column 
Bermuda: Kindley AFB Eee Teer eee column 
Bolivia: Chacaltaya ----- . = column 
OS I, Se column 
La Paz (Ovejuyo) mete see eS 


oo 
NDRRKOwW 

an 

cocoo 

wares’ 

DONOR NANOS 
coocoo 


Soe Zsa et os 
- vez, 
8 nan S88 


ocooo 

ZZ oie 
a4 SSS8anss 

eye 


o eooo ooo 
8 SSS8Xaekss 
Z 


° 
> 


Belem - - ‘ column 
rasa... ...<-<- —— pot 
Itaici Sao Paulo__.--.----- pot 
Nova Friburgo-----.-.-..---- eredhes pot 
Rio de Janeiro Ee Rae a column 
San Jose Dos Campos ennai pot 
Sao Leopoldo- - --- wa pot 
Trindade Island - - anekeuanel re 


8 88H 
o 


ZZ 
nn 
Z 

nn 


ooost 
NAON 


Zin 
is sh) 
ZAZZZZ 


ZZZZZZ 
Annnnn 


o °o 


Canada: Moosonee anaes ..-| column 
Newfoundland - - Pea eee eee! 

Canal Zone: Miraflores----- - pe a column 

Chile: Antofagasta i ni tek gts ie sc column 
I. Alejandro Selkirk- - -- - -- -| column 
Easter Island 3 cane column 
Puerto Montt-------- column 
Punta Arenas - - -- x column 
Santiago us 2 pot 
Santiago. - ‘ : column 





» 
5 


ocooocooco ecosso 


S442Ss 
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co ecco oo Co SO 
zo ; 
n 848 
co eco 
~ 4 OZ - 
Sa8skannas g 


5 
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Colombia: Oe... coax " pot 
Costa Rica: Turrialba----- ‘ aon column 
Ecuador: Guayaquil -_-_- 3 5 column 
Quito ie ; ‘ column 
Greenland: Thule a J column 
Iceland: re column 


4844 


a 
ooo So 


Mexico: Mexico City - - column 
eru: Lima a Mice ks column 
Lima REE ey ee column 

Puerto Rico: San Juan 5 clase seed ' column 
Venezuela: Caracas (site 1)........--.-.. column 
Caracas (site 2)......--- column 


oso © 
i} 

4 B88 

2 e999 


Z wooeo 
Bxnnes S8S8S 





coo co esecesso © oso 


essss of © 


Has3s 
20,.,0., oo ,0o4 
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ooo, 
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* Indicates proportioned from originally consolidated data 
NS, no sample reported 
T, zero or trace 


Table 10. Radiochemical analyses of precipitation samples at 3 U.S. sites, HASL 
January-June 1966 





Apr 





Precipitation (cm) 
N.J: Westwood . 9. ‘ -98 
| BF New York 
Wash: Seattle 

Iron-55 (nCi/m ?) 

N.J: Ww 
Wash: Seattle 

Strontium-90 (nCi/m *) 

N.J: 


N.Y: 
Wash: Seattle 


Cerium-144 (nCi/m ?) 
N.J: Westwo 
Wash: Seattle 


Plutonium-238 (nCi/m?*) 
N.Y: New York 
Wash: Seattle 


Plutonium-239-240 (nCi/m *) 
N.Y: New Yor 
Wash: Seattle 























* Data suspect 
NS, no sample reported 
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Section IV. Other Data 


This section presents results from routine 
sampling of biological materials and other 
media not reported in the previous sections. 


Included are such data as those obtained from 
human bone sampling, bovine thyroid sampling, 
and environmental monitoring reports. 





STRONTIUM-90 IN HUMAN BONE, APRIL-JUNE 1966' 


National Center for Radiological Health 
Public Health Service 


To obtain data on the concentration of stron- 
tium—90 in man by age and geographical region, 
the Public Health Service began collecting 
human bone specimens in late 1961. The target 
population includes children and young adults 
up to 25 years of age. Since strontium—90 in 
measurable amounts has been present in the 
global environment for more than a decade 
and major calcium accretion ceases by age 17 
or 18, persons over 25 years old are of limited 
interest in the program. This has been con- 
firmed by analyses of selected samples of peo- 
ple in older age groups, the results having 
shown their bone strontium-90 content to be 
low and age-independent (1). 

Although a few samples come from living 
persons as a result of surgical procedures, the 
majority are obtained post mortem. In the 
latter case, the specimens are limited to acci- 
dent victims or persons who have died of an 
acute disease process that was not likely to 
impair bone metabolism. For analytical pur- 
poses, a sample of at least 100 grams of wet 
bone is desired. Generally, this amount is 


1 Period during which death or surgical procedure 
occurred. 
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readily available from older children, but it 
presents some difficulties in cases of infants 
and children under 5 years of age. 

Most specimens received to date have been 
vertebrae and ribs. Efforts to collect long bones 
for comparison of results with British data 
have not been successful. 


Laboratory procedures 


The bones are analyzed at the Northeastern 
Radiological Health Laboratory of the National 
Center for Radiological Health, at Winchester, 
Mass. Procedures for sample collection and 
preparation are explained elsewhere (2). Stron- 
tium—90 is measured by TBP extraction of its 
yttrium daughter, which is precipitated as an 
oxalate. The strontium—90 content is then cal- 
culated from the yttrium—90 radioactivity (2). 
For the purpose of maintaining analytical re- 
producibility, “blind” duplicate analyses are 
performed on 10 to 20 percent of the samples. 
To further check and maintain analytical ac- 
curacy, synthetic “bone ash” samples (calcium 
phosphate spiked with strontium-90) are ana- 
lyzed periodically and cross-check analyses are 
carried out quarterly with the Health and 
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Safety Laboratory of the AEC, which performs 
similar analyses. 

The analytical results for strontium—90 in 
individual bones from persons dying during 
the second quarter (April—June) of 1966, along 
with other pertinent data are presented in 
table 1 in order of increasing age within each 
geographic sampling region. These regions are 
indicated in figure 1. Reported values are given 
in picocuries of strontium—90 per gram of ash 
(the primary determination), per gram of 
calcium (for comparison with other data and 
for purposes of model development), and per 
gram of bone (as a rough indication of dose). 
Two standard deviation counting errors are 
reported for the ash concentration. 

Following the pattern of earlier reports, sub- 
sequent articles will continue to provide inter- 
pretation of the data at appropriate stages in 
the program (2-4). 


Previous coverage in Radiological Health Data and 
Reports: 


Period 


Deaths through 1964 
First quarter 1965 
Second quarter 1965 
Third quarter 1965 
Fourth quarter 1965 
First quarter 1966 


Issue 

April 1966 
June 1966 
September 1966 
October 1966 
December 1966 
February 1967 
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(May 1964). 
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Analysis of environmental samples, chemical and 
radiochemical procedures, NERHL 64-1. Winchester, 
Mass. 01890. (April 1964). 
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human bone, 1962-1965. Radiol Health Data 5:620- 
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Figure 1. Geographical regions for human bone sampling 
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Table 1. Strontium-90 in human bone, deaths and surgical procedures during April-June 1966 


| an | — fas 
| Strontium-90, pCi/g of: 





Sampling region and Age at E . 
state of residence . Bone type * death > Cause of death j | 
(years) | Ash +2¢ 
error 


Calcium Bone 





sas jan EAST: 

ponte meme. 

Myeloblastic leukemia_ 

Sarcoma of buttock_- 
Acute leukemia - - - 
Respiratory obstruction 
es injuries _ _ - os 
Lymphoblastic leukemia__-- - - - - 


Sm bt ot ot BD 
RVSIAaS® 
m ro Cocn ho wom 


CORR eee 


Cerebral hemorrhage_---------- 
Head injuries 

Tetralogy of Fallot 

Cystic fibrosis-_-- ----- 
Multiple injuries 

Cerebral contusion___-.- --- 
Congenital heart disease_- 


mh OWI 


4 ddd <<< 
Orn Oor eee 


Acute leukemia 

Head injuries _ 
Hodgkins disease - 

Acute leukemia - - - - . 
Agammaglobulinemia - - _ 
Acute leukemia 


COCO COW WNSSS TUweewwwe 


S=85 S8=a8ae 


= 
_ 








Jim tn Go 
NNR RK WONw 


=s§ 


Hemangiosarcoma. --- 
Hodgkin's disease _ - _ - 
Primary astrocytoma. -- - 
Intracranial tumor-____ 
Head injuries . 
Cerebral thrombosis - - 
Acute leukemia 





ddd <<< 


bat et ht tt ttt 
®Wmronmnwory 


Head injuries 

Acute leukemia - - - 
Cystic fibrosis... ---- 
Glioblastoma one 
Cerebral laceration _ 
Thermal burns 


hee tO 


Rupture of aorta_ ey. 
Brain stem contusions___- 
Pancreatic sarcoma 
Hodgkin's disease - - - - 
Multiple injuries - 
Carcinoma of nasopharynz_ 


ecocsss sososs Ssesssss sssssss ssssess sesssss 


<dcdec <deccc << 


eocoosco ecosscor 


— De ee 


Ingestion of gasoline - 
Cystic fibrosis__- 


(5 mo) Viral encephalitis__ - - - 
Salicylate snee.. : 
Cystic fibrosis._ 

en 

Acute meningococoemia 
Congenital heart disease___ 
Hirschsprung's disease - - 


.56 +0. 2% 
.52+0.16 
.04+0. 
30+0. 
.07 +0. 
.39 +0. 2:3 
-70+0. 


CNR Re eee 
K-Onnnws 


43 +0.13 
-84+0. 
22 +0. 1% 
87+0.1% 
24+0. 
.67+0. 
.8420. 


-59 +0.: 
-93 +0. 
06 +0. 


Gunshot wound of head 
(¢). se 

(*) _. 

Thermal burns - 
Thermal burns 
Drowning - - - 

Acute enteritis 


Familial nephrosis - - 
e 
Lymphosarcoma. --- 
Cerebral hemorrhage-_- 
Chronic hepatitis- 
Lymphocytic leukemia 
Multiple injuries - - - 


Me OOCONOD SUT hhNY NNR RHO 


ot 


Rheumatoid arthritis 
Leukemia - - - - - - -- 
Bicycle accident__ 
Multiple fractures _ 
Laceration of lung - - 
Fractures of skull__-_- - - 


—NNORKN NK NWNNND NK aoNwNww 
4 ~ <] “) 2) w 





Injuries of brain__- 
| Multiple injuries - 
Cerebral contusions__- ae 
Intracranial hemorrhage- .-- 
| Shotgun wound of head _ - 
Gunshot wounds of body 


Adee <eees ddd <ddd <<< 
oorooo or oroo coococoron OCrKOKOoK 
$ J a 1S 


eocesco ecosescso scoscssso 


ed) 
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See footnotes at end of table. 
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Table 1. 


Strontium-90 in human bone, deaths and surgical procedures during April-June 1966—Continued 





Sampling region and 


Age at 
state of residence 


death > 
(years) 


Bone type * 





Strontium-90, pCi/g of: 





Cause of death 


Calcium Bone 





eos] 











M | 
M | 


<<a <ccu 





Congenital heart disease 

obar pneumonia__-_----------- 
Glomerulonephritis _ - -_-.------ 
Medulloblastoma 
Diabetes mellitus 


ocoeose 


oo 








Acute leukemia 
Inhalation of glue fumes---- -- -- 





eooo 9eSeo°oo 





® Type of bone: V, vertebrae; 8, sternum; R, rib. 
> Age given as of last birthday prior to death. 

¢ Information not yet available. 

4 Sample obtained from surgical procedure. 





ENVIRONMENTAL LEVELS OF RADIOACTIVITY AT ATOMIC ENERGY 


COMMISSION INSTALLATIONS 


The U.S. Atomic Energy Commission re- 
ceives from its contractors semiannual reports 
on the environmental levels of radioactivity in 
the vicinity of major AEC installations. The 
reports include data from routine monitoring 
proyrams where operations are of such a na- 
ture that plant environmental surveys are re- 
quired. 

Releases of radioactive materials from AEC 
installations are governed by radiation stand- 
ards set forth by AEC’s Division of Operational 
Safety in directives published in the “AEC 
Manual.” 
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Summaries of data from the environmental 
radioactivity monitoring reports follow for the 
Argonne National Laboratory, Atomics Inter- 
national, Feed Materials Production Facilities 
and the National Reactor Testing Station. 


' Part 20, “Standards for Protection Against Radia- 
tion,’ AEC Rules and Regulations, contains essen- 
tially the standards published in the “AEC Manual.” 
The AEC Rules and Regulations are available from the 
Superintendent of Documents, U.S. Government Print- 
ing Office, Washington, D.C. 20402. 
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1. Argonne National Laboratory 
January—June 1966? 


University of Chicago 
Lemont, Illinois 


The radioactivity of the environment is de- 
termined on a continuing basis by measuring 
the radioactivity in naturally occurring mate- 
rials collected both on and off the Argonne 
National Laboratory site. Since radioactivity 
is usually spread by air and water, the environ- 
mental monitoring program at Argonne has 
concentrated on these materials. The sampling 
locations discussed are shown in figures 1 and 2. 


* Summarized from “Environmental Radioactivity at 
Argonne National Laboratory, January-June 1966,” 
University of Chicago, Lemont, IIl. 


Air monitoring 


Air-filter samples were collected continuously 
at seven locations on the Argonne site and at 
five locations off the site. At one location on 
the site the filter paper was changed daily; at 
all other locations the filter papers were 
changed weekly. 

Higher activities on the site are indicative 
of radioactivity released by Argonne if the 
differences are greater than the 10 to 20 per- 
cent sampling and counting error. The total 
alpha and beta radioactivities in the weekly 
samples are summarized in table 1. The alpha 
radioactivity at all locations was not significant 
and was in the range found in previous years. 
The beta radioactivity was due primarily to 
fission and neutron activation products from 
nuclear detonations. Until May 15, this radio- 
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Figure 1. Sampling locations on the site of Argonne National Laboratory 
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Figure 2. Site location of Argonne National Laboratory 
(including some offsite sampling stations) 


activity was relatively low and unchanged from 
the last quarter of 1965. Beginning May 15, the 
beta radioactivity increased significantly and, 
at the same time, short-lived fission products 
(such as zirconium—95 and barium-140) were 
found in air samples from all locations. These 
changes were attributed to fallout from the 
mainland China test of May 9, 1966. 

The presence of short-lived, and therefore 
recently produced, fission products was even 
more readily detectable in rainwater. While 
the air activities increased by a factor of about 
three, the radioactivity in rain increased from 
an average of 30 pCi/liter early in May to a 
maximum of 13,000 pCi/liter on May 18, and 


then decreased to an average of 6,000 pCi/liter 
during the last half of May and 350 pCi/liter 
during June. 

The average beta radioactivity in air during 
the first half of 1966 was 0.14 pCi/m?*, which 
was about one-third of the average during the 
corresponding period in 1965. The similarity 
between alpha and beta radioactivities onsite 
and offsite indicates that Argonne did not add 
significantly to the airborne radioactivity of the 
environment during this period. The concen- 
trations of specific fission products given in 
table 2 support this conclusion. Significant 
releases by Argonne would have been detected 
in the form of an increase in the onsite activity 
over the offsite activity. 

In addition to the collection of air-filter sam- 
ples, continuous sampling for gaseous radio- 
iodine with activated charcoal was conducted 
in the “300 area” on the Argonne site (figure 
1) because of the possibility of iodine releases 
in this area. Iodine-131 was present only in 
those samples collected from May 15 through 
June 3, at an average concentration of 0.1 
pCi/m® (0.1 percent of the MPC). This activ- 
ity is also attributed to the mainland China test 
on the basis of the time of its appearance and 
disappearance. 

Water monitoring 

Argonne waste water is discharged into Saw- 
mill Creek, a stream that runs through the 
Argonne grounds and enters the Des Plaines 
River about 500 yards downstream from the 
wastewater discharge. Sawmill Creek was 
sampled above and below the discharge to 
evaluate the effect of the wastewater on the 


Table 1. Total alpha and beta radioactivity in air-filter samples *, Argonne National Laboratory, January-June 1966 
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* These results were obtained by measuring the samples 4 days after they were collected in order to avoid counting the natural radioactivity due to 


radon and thoron decay products. 
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This activity is normally present in the air and disappears within 4 days by radioactive decay. 
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Table 2. Gamma-ray activity in air-filter samples, Argonne National Laboratory, January-June 1966 





_ Radionuclide Location 


Radioactivity (pCi/m*) 





January | February | March April 
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Average 
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Zirconium-niobium-95....-.......---------- 





<0.01 
<0. 
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radioactivity in the creek. The sampling loca- 
tions are shown in figure 1. Below the waste- 
water outfall the creek was sampled three times 
weekly. Equal portions of the three weekly 
samples were combined into a composite sam- 
ple and analyzed. The results obtained in this 
manner represent the average concentrations 
in the weekly samples. Above the site, samples 
were collected at weekly intervals, and at least 
one sample each month was analyzed for each 
radionuclide of interest. The total alpha and 
beta radioactivity found in Sawmill Creek dur- 
ing the first half of 1966 is given in table 3. 
The concentration of alpha radioactivity in 
the creek resulting from the presence of 
Argonne wastewater can be estimated as fol- 
lows: below the outfall, the natural creek flow 
supplemented with Argonne wastewater was 
approximately double the rate of flow above the 
outfall. Consequently, the average natural 
alpha radioactivity in the creek below the out- 


fall was approximately one-half of the above- 
site radioactivity or about 1.1 pCi/liter, and 
the average radioactivity owing to wastewater 
was about 2.3 pCi/liter. This is similar to the 
corresponding value for 1965. 

The alpha-emitting radionuclides most likely 
to be present in Argonne waste waters are iso- 
topes of uranium, plutonium, and thorium. The 
alpha radioactivity resulting from these ele- 
ments is summarized in table 4. A comparison 
of these concentrations with the total alpha 
radioactivity indicates that most of the alpha 
radioactivity added to the creek in Argonne 
wastewater was due to uranium. The uranium 
concentrations above the site were normal. 
Below the outfall, the wastewater added an 
average of about 1.4 pCi of uranium per liter, 
or 0.004 percent of the MPC. Small amounts 
of plutonium or thorium were present in about 
one-half of the water samples taken below the 
outfall. Since plutonium was not detected in 


Table 3. Non-volatile alpha and beta radioactivity in Sawmill Creek water, Argonne National Laboratory, January-June 1966 
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* Relative sampling location with respect to Argonne wastewater outfall (figure 1) 
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Table 4. Alpha-emitting elements in Sawmill Creek water, Argonne National Laboratory, January-June 1966 





Element Location * 


Concentration, pCi/liter Percent of MPC 





Average | Minimum | Maximum| Average | Maximum 





ES FR NS Upstream 
Downstream. - - - 
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* Relative sampling location with respect to Argonne wastewater outfall (figure 1). 


the creek above the site, its presence below the 
outfall was evidently due to the wastewater 
Thorium was present at both locations at about 
the same average concentration, although a 
few below-outfall samples had a thorium con- 
tent high enough to attribute its presence to 
the wastewater. The concentrations of thorium 
and uranium were similar to those found at the 
same locations in 1965. The plutonium con- 
centration below the outfall averaged about five 
times higher than during 1965, but this in- 
creased average was due almost entirely to one 
sample collected during the week of March 23, 
1966, which contained 8 pCi of plutonium per 
liter. 

In addition to the natural beta radioactivity 
in the creek, beta radioactivity from nuclear 
detonations was detected at both sampling loca- 
tions and beta radioactivity from Argonne 
wastewater was found in some samples below 
the outfall. The natural beta radioactivity is 
approximately 5 pCi/liter above the site and 
3 pCi/liter below the site. The Argonne con- 
tribution to the total beta radioactivity below 
the outfall during the first half of 1966 is esti- 
mated to be 10 to 15 pCi/liter. The remaining 


Table 5. 


radioactivity at both locations, about 5 pCi/ 
liter, was attributed to fallout. The concentra- 
tion of fallout radioactivity was approximately 
one-half of the 1965 average, while the Argonne 
contribution to the total beta radioactivity in- 
creased by a factor of about two. 

Beta radioactivity from Argonne waste- 
water (in amounts very low compared with the 
MPC’s) was found in some samples of Sawmill 
Creek water collected below the laboratory out- 
fall. The concentrations of radioactive mate- 
rials at this location are summarized in table 5. 
A comparison of these concentrations with 
those from samples obtained above the outfall 
indicates that cesium—137, cerium—144, cobalt-— 
60, hydrogen-3, technetium—99, and thorium- 
protactinium—234 (decay products of uranium-— 
238) can definitely be attributed to Argonne 
wastewater. Technetium-99 was detected in 
only one sample. The short-lived fission prod- 
ucts, strontium—89 and barium—140, were evi- 
dently present as a result of fallout only. 

The origin of the strontium—90 below the out- 
fall is difficult to determine since the concentra- 
tions were similar at both locations and since 
this radionuclide is added to below-outfall 


Beta radioactivity in Sawmill Creek below wastewater outfall, Argonne National 


Laboratory, January-June 1966 





Number 
Radionuclide of 
samples 


Concentration 


Percent of MPC 
(pCi/liter) 





Average 


Minimum | Maximum] Average 
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Hydrogen-3 
lodine-131 























* Multiply by 105. 
ND, no data reported 
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water directly from the atmosphere (as fallout) 
as well as by above-outfall water. However, 
the Argonne contribution must have been 
smaller than the fallout contribution. 

Since Sawmill Creek empties into the Des 
Plaines River, which in turn flows into the 
Illinois River, the radioactivity in the latter 
two rivers is important in assessing the con- 
tribution of Argonne wastewater to the en- 
vironmental radioactivity. The Des Plaines 
River was sampled weekly, except when the 
creek was dry, above and below the mouth of 
Sawmill Creek to determine if the radioactivity 
in the creek had any effect on the radioactivity 
in the river. Samples were also obtained at 
three locations on the Illinois River on May 12 
and analyzed for total radioactivity. The aver- 
age total radioactivity in these two rivers is 
summarized in table 6 for the first half of 1966. 


Table 6. Average radioactivity in Des Plaines and Illinois 
River water, Argonne National Laboratory, January-June 1966 





Concentration, pCi/liter 





Location 

Non-volatile| Non-volatile 

alpha radio- | beta radio- 
activity activity 


Des Plaines River * (above Sawmill Creek) - | 
Des Plaines Riber > (below Sawmill Creek) - - 
Illinois River ¢_ -..._---- } 





* Sampled near Route 45, upstream from the mouth of Sawmill Creek. 

> Sampled near Lemont, downstream from the mouth of Sawmill Creek. 

e Average for samples collected at three locations (McKinley Woods 
State Park, Morris, and Starved Rock State Park) on May 12, 1966. 


Dilution of Sawmill Creek water in the Des 
Plaines River was sufficient to reduce the radio- 
activity in the creek to undetectable levels in 
the river. The alpha radioactivity in the Des 
Plaines River was normal and in the range 
previously found. The natural beta radioactiv- 
ity in the Des Plaines River is about 8 pCi/liter 
and the additional radioactivity, 2 to 25 pCi/ 
liter after the mainland China test, resulted 
from fallout. The total radioactivity in samples 
of the Illinois River water collected on May 12 


March 1967 


was similar to that found in other bodies of 
water in the area. No radioactivity originating 
at Argonne could be detected. 


Milk monitoring 


Three samples of raw milk produced in the 
area were collected monthly (except in May, 
when an additional collection was made after 
the appearance of fallout from the May 9 nu- 
clear test) and analyzed for the fission products 
usually present. These fission products were 
all due to fallout from nuclear detonations and 
their presence in milk was not related to Ar- 
gonne operations. The long-lived fission prod- 
ucts, strontium—90 and cesium-137 were pres- 
ent in all samples. Their average concentra- 
tions were about 35 percent less than during 
the corresponding period in 1965. The short- 
lived fission products, strontium—89 and iodine— 
131, were not detected before May and evi- 
dently originated in the mainland China test of 
May 9, 1966. 


Conclusions 


Small amounts of several radioactive nu- 
clides were added to Sawmill Creek in Argonne 
wastewater. The resulting radioactivity con- 
centrations in the creek were well below the 
MPC’s and did not constitute a health hazard. 
Radioactivity from Argonne operations was 
not found at any other location off the Argonne 
site. 

Fallout from nuclear test detonations con- 
ducted before 1966 was found at locations and 
in all types of materials examined throughout 
the first half of the year. Fallout from the 
atmospheric test detonation conducted by main- 
land China on May 9 was detected beginning 
May 15, 1966. 


Recent coverage in Radiological Health Data and 
Reports: 


Period 


January—June 1965 
July—December 1965 


Issue 


March 1966 
September 1966 





2. Atomics International 
January—June 1966° 


North American Aviation, Inc. 
Canoga Park, California 


Atomics International, a division of North 
American Aviation, Inc., has been engaged 
in atomic energy research and development 
since 1946. The company designs, develops, 
and constructs nuclear reactors for central 
station and compact power plants, and for 
medical, industrial, and scientific applications. 

The company world headquarters facility 
(WHF) is located in Canoga Park, Calif., 
approximately 23 miles northwest of downtown 
Los Angeles. The 290-acre Nuclear Develop- 
ment Field Laboratory (Santa Susana Facil- 
ity), equipped with extensive testing facilities 
for the support of advanced nuclear studies, is 
in Ventura County in the Simi Hills approxi- 
mately 29 miles northwest of downtown Los 
Angeles. The location of the above sites in rela- 


3’ Summarized from “Environmental Monitoring, 
Semiannual Report, January 1, 1966 to June 30, 1966,” 
Atomics International. 


tion to nearby communities is shown in figure 3. 

The basic concept of radiological hazard con- 
trol at Atomics International requires total con- 
tainment of radioactive materials and, through 
rigid operational controls, minimizes effluent 
releases and external radiation levels. The 
environmental monitoring program provides a 
check on the effectiveness of radiological safety 
procedures and of engineering safeguards in- 
corporated into facility design. 

The environs of Atomics International head- 
quarters and the Nuclear Development Field 
Laboratory (NDFL) are surveyed monthly to 
determine the concentration of radioactivity in 
typical soil, vegetation, and water samples. In 
addition, continuous environmental air moni- 
toring at the sites provides information con- 
cerning particulate radioactivity. 


Air monitoring 


Environmental air sampling is conducted 
continuously at the headquarters and NDFL 
sites with automatic air samplers operating on 
24-hour sampling cycles. Airborne particulate 
radioactivity is collected on HV-70 filter paper 





YS4y, 
2 Miles + 4 


. 
* 
. 


V4 








\ 


Sy 

iy 

4n 
A 


vu, s. 


Mrs 


San Fernando ; f 


4 < State 118 
Sn Oe 
vw> 





Chatsworth 
Reservoir 
5 


Sy 
MI wits 


cn." Ventura County? 





9. 
County ath 
iesincal” 


U.S, 


Angeles 





Thousand, wor 
Oaks ..* 


MONICA 





LA a “aS L 


Suitland "~~~ 
* ™ 
V4 ltey 





Van Nuys ; 


> 
5th 
Monica _AS\ ~~ 
s> 


> * 
LAAS 








Figure 3. Atomics International facilities and vicinity 
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which is automatically changed at the end of 
each sampling period. The filter is removed 
from the sampler and counted after the radio- 
activity is allowed to decay for at least 72 
hours. The volume of a typical daily environ- 
mental air sample is approximately 20 cubic 
meters. The average concentration of long 
lived beta-gamma radioactivity on airborne 
particulates is presented in table 7 for the 
calendar year 1965, and for the first half of 
1966. 


Table 7. Beta-gamma radioactivity of airborne 
particulates, Atomics International 





Table 9. Radioactivity in the soil, Atomics Internation] 
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Radioactivity in vegetation, Atomics International 





Calendar year 1965 


First half 1966 





Location 


Calendar year 1965 


First half 1966 





Average 
radio- 
activity 

i/m*) 


Number 
of samples 


Average 
radio- 
activity 

i/m*) 


Number 
of samples 





483 | 
1,062 


0.83 
0.21 











Water monitoring 


Process-water used at the NDFL is obtained 
from wells and stored in two 50,000-gallon tanks. 
Potable water is delivered to the site by a 
vendor and is not analyzed. Well water is sam- 
pled monthly from the supply line at two loca- 
tions. The average well-water radioactivity is 
presented in table 8. 


Table 8. Well water radioactivity, Atomics International 





Calendar year 1965 First half 1966 





Radiation Average 


Average 
radio- 


Number radio- 


of samples 


Number 
activity | of samples 


(pCi/liter) 


activity 


(pCi/liter) 
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24 <0.22 0. 
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Soil, vegetation, and water are sampled 
monthly at Chatsworth Reservoir, which is 
operated by the Los Angeles City Department 
of Water and Power. Soil and vegetation radio- 
activity for the reservoir are averaged into 
data presented in tables 9 and 10. Normally, 
one water sample is obtained from the lake 
surface and a second sample is obtained from 
the reservoir water supply inlet located on the 
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Radiation Average 


radio- 
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radio- 
activity 
(pCi/g ash) 
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of samples 
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activity | of samples 
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72 
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north side of the lake. The average radio- 
activity for both surface and supply water 
samples is presented in table 11. 


Soil and vegetation monitoring 


Soil and vegetation are sampled monthly at 
24 locations. Twelve sampling stations are lo- 
cated within the boundaries of Atomics Inter- 
national’s sites and are referred to as “onsite” 
stations. The remaining 12 stations, located 
within a 10-mile radius of the sites, are referred 
to as “offsite” stations. 

Surface soil types available for sampling 
range from decomposed granite to clay and 
loam. Samples are taken from the top one-half 
inch layer of ground surface. The soil samples 
are packaged and sealed in plastic containers 
and returned to the laboratory for analysis. 
Data on radioactivity in soil samples are pre- 
sented in table 9. 

Vegetation samples obtained in the field are 
of the same plant type wherever possible, gen- 
erally sunflower or wild tobacco plant leaves. 
These types maintain a more active growth rate 
during the dry season than do most natural 
plants indigenous to the local area. Leaves are 
stripped from plants and transferred to the 
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laboratory for analysis. Plant root systems are 
not routinely sampled. Radioactivity levels in 
vegetation samples are presented in table 10. 


Recent coverage in Radiological Health Data and 
Reports: 
Period 


First half 1965 
Second half 1965 


Issue 


March 1966 
September 1966 


Table 11. Chatsworth Reservoir water radioactivity 


Atomics International 
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3. Feed Materials Production Facilities 
January—December 1965‘ 


Mallinckrodt Chemical Works 
Weldon Spring, Missouri 


Environmental monitoring results at the 
Feed Materials Production Facilities (FMPF) 
are reported uranium concentrations since nat- 
ural uranium ore concentrates constitute the 
primary feed material. 


4 Summarized from “Semiannual and Annual Off-site 
Environmental Monitoring Report — 1965,” Weldon 
Spring Plant, Mallinckrodt Chemical Works, Uranium 
Division. 


Process chemical wastes and other process 
residues are permanently retained in storage 
facilities located at the plant site (figure 4) and 
at two storage sites (one adjacent to the Lam- 
bert-St. Louis Municipal Airport and the other 
at a quarry near the Missouri River). The plant 
process-sewer, which carries the remaining 
water effluent from the operations into the 
Missouri River, is automatically sampled daily 
to permit continual measurement of any release 
of uranium-bearing materials into the river. 


Air monitoring 


Monthly air samples are collected along the 
Weldon Spring Plant perimeter (figure 5), at 
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Figure 4. Location of Feed Materials Production Facilities, Weldon Spring 
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the water plant (2 miles southwest of the plant 
site), and at the south edge of the AEC quarry 
(figure 4) by high-volume air-sampling units. 
Semiannual air samples are also collected at 
four points on the perimeter of the airport 
storage site. The uranium concentrations de- 
tected in filtered air samples obtained during 
1965 at FMPF are summarized in table 12. 


Table 12. Uranium concentrations in air 
January-December 1965 


| 
| Num- Uranium concentration 
ber (pCi/m') 
Station of 
location * sam- | 
ples Min- 
i imum 





Average 





Average 








0.02 
0.01 
0.03 
.005 
Water plant_ <0. 
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Airport. -- 
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* Refer to figures 4 and 5 for site and station locations. 


The average uranium concentrations noted 
in perimeter air samples collected during the 
second half of 1965 increased slightly from the 
average obtained during the previous 1965 
sampling period. The average uranium con- 
centration in the filtered air samples, with the 
exception of the AEC quarry, continued to 
remain below one-tenth of the MPC for air. 


Water monitoring 


In addition to daily samples from the plant 
process sewer, periodic offsite water samples 
are collected from lakes and streams located 
within the plant’s watershed, the Missouri 
River, and streams near the quarry and airport 
storage sites at the points indicated in table 13. 
Uranium concentrations ranged from 1.0 to 4.0 
percent of the environmental MPC for samples 
obtained from the plant-process sewer. The 


mean uranium concentration for process sewer- 
water samples was 2.2 percent of the MPC. 


Table 13. Uranium concentrations in water, January-December 1965 





Sampling locations 


Number 


samples 


Concentration 
(pCi/liter) Average 
of as feresat 

PC 





Maximum | Minimum | Average 





Weldon Spring Plant site: 
Process sewer 


Plant offsite sampling points: 
Lake, east of plant_-_---- 
Lake, north of plant - 
Lake, west of plant - - 
Lake, south of plant 
Dardenne Creek, upstream 
Dardenne Creek, Cottleville bridge 
Dardenne Creek, St. Peters’ bridge 
Dardenne Creek, Kampville bridge 
Schote Creek, upstream 
Schote Creek, downstream 
Plant surface drainage, west 
Plant surface drainage, north 


Missouri River sampling points: 
Upstream at Defiance. Missouri 
Upstream at Femme Osage junction 
U.S. Highway 40-61, south side 
St. Louis city water plant intake 
St. Charles city water plant intake 


Quarry offsite sampling points: 
Tributary of Little Femme Osage, 4 mile upstream 
Little Femme Osage, 4 mile upstream 
Little Femme Osage, at quarry discharge culvert - - - 
Little Femme Osage, 4 mile downstream -_---- ~~~. 
Little Femme Osage, 144 mile downstream 


Air pate offsite sampling points: 
old Water Creek, southwest corner of site 
Cold Water Creek, after site pond discharge 
Cold Water Creek, northwest corner of site 
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Figure 5. Perimeter air sampling stations 
Weldon Spring Plant 


Water samples obtained from the Missouri 
River, with two exceptions, contained less 
than detectable uranium concentrations both 
above and below the MCW plant outfall. 
The exceptions were two samples obtained at 
the outfall, which averaged uranium concen- 
trations of 0.2 percent of the MPC for uncon- 
trolled areas. Six samples were obtained from 
the Missouri River sampling station immedi- 
ately downstream from the outfall. Analysis 
of these samples yielded nondetectable concen- 
trations of uranium. 


Conclusions 


The average uranium concentration of all 
offsite water and air samples collected during 
the year was 3.6 percent of the MPC, repre- 
senting a slight increase from the 1964 average 
of 1.9 percent. The average release of uranium- 
bearing materials from the MCW Uranium 
Division was found to be substantially below 
the MPC for nonoccupational areas for natural 
uranium. Table 14 summarizes average ura- 
nium concentrations and percent of the MPC 
for samples collected during the first and second 
quarters and the year 1965. 


Table 14. Average uranium concentration of environmental 
samples, January-December 1965 





Average uranium concentrations as 
percent of nonoccupational MPC 


(pCi/liter) 


Source of samples 





First half |Second half| Year 1965 








Weldon Spring Site: 
Process sewer___. - - - 


Drainage ditches____.........--. : 
Missouri River (below operation) _ 
Perimeter air - i 


Airport site: 
Creeks and ditches_ 
Perimeter air_ - - 


AEC Quarry site: 
ee 
Perimeter air 














Recent coverage in Radiological Health Data and 
Reports: 
Period 


July 1962—December 1963 
January—December 1964 


Issue 


May 1964 
March 1966 
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4. National Reactor Testing Station 
January—June 1966° 


Health and Safety Division 
U.S. Atomic Energy Commission 
Idaho Falls, Idaho 


Data from the environmental monitoring 
network on and around the National Reactor 
Testing Station (NRTS) in eastern Idaho re- 
vealed that NRTS operations during the first 
half of 1966 did not contribute significantly to 
environmental radiation or radioactivity con- 
centration levels, which remained well below 
levels defined as thresholds of concern by the 
Federal Radiation Council (FRC). The Radia- 
tion Protection Guides (RPG) and Radioactiv- 
ity Concentration Guides (RCG) used at the 
NRTS, which are established in AEC Manual 
Chapter 0524, are based on FRC recommenda- 
tions. No significant quantities of radium-—226 


5 Summarized from “Environmental Monitoring Re- 
port No. 18, First and Second Quarter 1966,” U.S. 
Atomic Energy Commission, Idaho Operations Office, 
— and Safety Division, National Reactor Testing 

tation. 


or radium-228 have been released to the en- 
virons by NRTS operations. The concentra- 
tions of radioactivity reported include contri- 
butions from all sources. No attempt has been 
made to separate radioactivity contributed by 
NRTS operations from that contributed by 
natural sources of radioactivity or by fallout 
from weapons debris. Samples of air, water, 
and milk are collected routinely at stations 
shown in figure 6. During the growing season, 
wheat samples are collected routinely at loca- 
tions shown in figure 6. The results of the 
analyses performed on these samples are shown 
in table 15. 


Aerial survey 


Results obtained from a detailed aerial sur- 
vey performed over the NRTS in early 1966 
confirmed similar measurements obtained in 
1959, and again showed no significant change in 
environmental radiation background that could 
be attributed to NRTS operations. Radiation 
measurements were made along parallel courses 
1 mile apart at 500 feet altitude. The survey 
was performed by an AEC contractor who 
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Figure 6. Environmental monitoring stations, National Reactor Testing Station 
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Table 15. 


Environmental monitoring program data, NRTS, January-June 1966 





Number of 
Type of sample and units stations 


collection 


Approximate 
frequency of 


Radioactivity 
concentration 
or Radiation 
Protection 
Guides 


Maximum 
activity of 
single sample 


Minimum 
level of 
detection 


Type of 


Average 
analysis 


activity 
per sample 





Offsite underground water,* pCi/liter Semiannual 
Onsite production well water, pCi/liter- --~-.-. 
Offsite air, pCi/m!’ Continuous 


Offsite milk, pCi/liter Monthly 








Offsite area monitoring badges, mR Monthly 


Semi-monthly 


Strontium-90 





Alpha 
Beta 


100 
3,000 
3,000 


Alpha 
Beta 


Beta-gamma 
Iodine-131 


Iodine-131 


100 
100 


100 
200 


170/yr 


i] 
KO OK OW AW 


Gamma 


~ 
o 

















® Due to changes in sample locations and proceaures no data is available for this reporting period. 


operates a specially equipped aircraft capable 
of detecting trace quantities of radioactivity 
and identifying the material detected. Small 
variations in the natural background were 
again noted over varying terrain and were 
clearly identified with naturally occurring 
radioactivity in rock and soil formations. 


Offsite water monitoring 


Low-level liquid wastes from various oper- 
ating facilities at the NRTS are released to the 
ground-water table through disposal wells and 
ponds located near each facility. Before dis- 
posal the liquid wastes are carefully monitored 
at the NRTS and, as an added safeguard, off- 
site underground water samples are collected 
and analyzed regularly. Most of these samples 
are taken from the area southwest of the NRTS, 
the prevalent direction of underground water 
flow. Since the beginning of the offsite sample 
collections in 1952, there has been no evidence 
of any NRTS contribution to the natural radio- 
activity in the offsite water. 

Through continuing studies of the under- 
ground water on the NRTS, additional knowl- 
edge of the directional flow and flow rates have 
been obtained. As a result of this knowledge 
the number and locations of sampling points 
have been reduced to those populated areas 
nearest the site boundaries. Samples from 
these locations, as shown on the accompanying 
map, plus the onsite samples are expected to 
provide adequate information on the under- 
ground water leaving the NRTS. 
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Because of the changes in sampling proce- 
dure, no data are available for this reporting 
period, except for the onsite samples taken at 
down-gradient locations between the points of 
discharge and the site boundary. 


Onsite water monitoring 


Onsite samples were taken from the plant 
production wells in order to detect and define 
possible sources of contamination. During the 
first half of 1966, 215 samples were collected 
from 22 sampling stations, most on a biweekly 
basis. Analyses of these samples showed that 
average concentrations of alpha and beta emit- 
ters were no more than 0.2 percent and 0.3 
percent of their respective RCG values. 


Offsite air monitoring 


Normal operations of the present radio telem- 
etry system call for hourly reports by each 
station. The reporting instruments and func- 
tions are: 

1. Ion chamber: this instrument measures 
ambient radiation levels in mR/hr. 

2. GM counters: HV-70 filter paper, which 
collects airborne particulate, is cycled to a GM 
tube once a day. One GM tube measures the 
buildup of particulate radioactivity during the 
day and another measures the decay of the 
radioactivity collected the previous day. 

3. Scintillation counter: air, which has pre- 
viously passed through the HV-70 particulate 
filter passes through a carbon cartridge. For 
surveillance purposes, the radioactivity which 
is measured hourly is assumed to be iodine-131. 


Radiological Health Data and Reports 





This cartridge remains in place for periods up 
to 6 weeks. 

Results of the data reported from the 15 
radiation telemetry stations indicate that the 
average concentrations of gaseous iodine—131 
and particulate radioactivity in the atmosphere 
were less than 8 percent of the RCG value for 
the first half of 1966. 


Offsite milk monitoring 


Routine analyses of iodine-131 and stron- 
tium 90 concentrations in milk continued on a 
monthly basis during the first half of 1966. 
Of the 68 routine radioiodine analyses, only 3 
samples were found to have concentrations 
greater than 20 pCi/liter. As indicated in table 
15, the average iodine-131 levels do not exceed 
21 percent of the RCG values. Strontium—90 
concentrations in the same 68 samples showed 
the maximum activity to be 17 pCi/liter, or 
less than 9 percent of the RCG value with an 
average value of only 6 percent. 


Area monitoring badges 


Offsite film badges were collected on a month- 
ly basis during the first half of the year. The 
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maximum radiation exposure at a single loca- 
tion for any month as measured by film was 
<10 mR of gamma radiation. The minimum 
detection limit for the 6 months was 60 mR of 
gamma radiation, based on six film changes and 
a detection limit of 10 mR gamma radiation on 
each film. For the purpose of calculating the 
maximum exposure, each statistically zero re- 
sult was assumed to be at the detection limit. 
The reported maximum is therefore conserva- 
tively estimated to be the upper limit of the 
true exposure at that location. Natural back- 
ground radiation levels at film badge locations 
vary, but studies made prior to nuclear opera- 
tions at the NRTS showed that normal back- 
ground levels were of the order of 100-150 
mR/yr. This indicates that NRTS operations 
have added no significant radiation to surround- 
ing areas. 
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Section V. Technical Notes 


REPORTED NUCLEAR DETONATIONS, FEBRUARY 1967 


During February 1967, three U.S. nuclear 
tests were reported; on February 8 and Febru- 
ary 23, underground nuclear tests of low yield 
(less than 20 kilotons TNT equivalent) were 
conducted by the U.S. Atomic Energy Com- 
mission at its Nevada test site. Also on Febru- 
ary 23, an underground nuclear test of low- 
intermediate yield (20 to 200 kilotons TNT 
equivalent) was conducted by the U.S. Atomic 
Energy Commission at its Nevada test site. 


This is the first time since December 1965 that 
the Atomic Engery Commission has announced 
two such tests in a single day. 

On February 25, the United States recorded 
seismic signals which originated from the 
Soviet nuclear-test area in the Semipalatinsk 
region. The signals were equivalent to those of 
a nuclear test in the intermediate-yield range 
(200 kilotons to 1 megaton TNT equivalent). 
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SYNOPSES 


Synopses of reports, incorporating a list of key words, are furnished 
below in reference card format for the convenience of readers who may 
wish to clip them for their files. 





RADIATION HAZARDS IN URANIUM MINES. D. A. Holaday. 
Radiological Health Data and Reports, Vol. 8, March 1967, pp. 185-138. 


A review of health studies of U.S. uranium miners is presented. The 
primary radiation hazard in these uranium mines is alpha radiation 
which is delivered to the lungs by the short-lived daughters of radon. 
The appearance of lung cancer among uranium miners has been studied 
and was found to be excessive. The cell-type distribution of these cancers 
is different from that of the general population. Calculation of radiation 
dosage to the lungs of miners is difficult. 

General dilution ventilation is the primary method of controlling 
the radiation hazard, but it has limitations. Radiation exposure .of 
uranium miners has gradually been reduced. 


KEY WORDS: exposure, lung, lung cancer, mines, miners, radiation 
hazards, radon daughters, radon—222, smokers, uranium, uranium mines. 


ERRATUM 


The last equation appearing in the article “Precision and 
Sensitivity of Gamma Spectrometric Measurements in Milk” 
(Radiol Health Data Rep 7: 555-559, October 1966) should be 
amended. The second part of equation (6) on page 556 should 
read as follows: 
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INTERNATIONAL NUMERICAL MULTIPLE AND 
SUBMULTIPLE PREFIXES 
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SYMBOLS, UNITS, AND EQUIVALENTS 





Unit Equivalent 








billion electron volts GeV 
curie 3.7X10"* dps 
0.394 inch 


1.6X10-" ergs 
graim(s) 


iga electron volts 1.6 10-—* er; 
i 1,000 g=2. Ib 


ovolt peak 


8 
milliampere(s) i 
millicuries per square mile_.| 0. nCi per square meter 

ee (mCi/km) 
1.6X10-* ergs 


2.59 mCi square mile 
10-" curle=2 22 dpm 


“| roentgen 
unit of absorbed radiation | 100 ergs per gram 
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